VERTICAL DISPERSION AND OXYGEN DEMAND OF DEICING by Pereira, Marina S.
University of Massachusetts Amherst
ScholarWorks@UMass Amherst
Environmental & Water Resources Engineering
Masters Projects Civil and Environmental Engineering
5-2008
VERTICAL DISPERSION AND OXYGEN
DEMAND OF DEICING
Marina S. Pereira
University of Massachusetts - Amherst
Follow this and additional works at: https://scholarworks.umass.edu/cee_ewre
Part of the Environmental Engineering Commons
This Article is brought to you for free and open access by the Civil and Environmental Engineering at ScholarWorks@UMass Amherst. It has been
accepted for inclusion in Environmental & Water Resources Engineering Masters Projects by an authorized administrator of ScholarWorks@UMass
Amherst. For more information, please contact scholarworks@library.umass.edu.
Pereira, Marina S., "VERTICAL DISPERSION AND OXYGEN DEMAND OF DEICING" (2008). Environmental & Water Resources
Engineering Masters Projects. 1.
https://doi.org/10.7275/6589-XV33
VERTICAL DISPERSION AND OXYGEN DEMAND OF DEICING 
AGENT CONTAMINANTS FROM AN INFILTRATION BASIN IN 
PLYMOUTH 
A Master Project Presented 
By 
Marina S. Pereira 
Submitted to the Department of Civil and Environmental Engineering of 
the University of Massachusetts Amherst in partial fulfillment of the 
requirements for the degree of 
MASTER OF SCIENCE IN ENVIRONMENTAL ENGINEERING 
May 2008 

VERTICAL DISPERSION AND OXYGEN DEMAND OF DEICING AGENT 
CONTAMINANTS ON AN INFILTRATION BASIN IN PLYMOUTH 
A Masters Project Presented 
by 
Marina S. Pereira 
Approved as to style and content by: 
David W. Ostendorf, Chair 
. Chnl Park, Member 
~ason -
Graduate Program Director, MSEVE 
Civil and Environmental Engineering Department 

ACKNOWLEDGEMENT 
Funding for this research project was provided by the Massachusetts Highway 
Department under Interagency Service Agreement number 38721. The views, 
opinions and findings presented in this manuscript are those of the author and do 
not necessarily reflect the official view of the Massachusetts Highway 
Department. This study does not constitute a standard, specification or regulation. 
I would like to thank my advisor, Dr. Ostendorf for his guidance and invaluable 
input during this research project, but foremost for this given opportunity. I would 
also like to thank my committee member Dr. Park for his patience and committing 
his time to helping me in this project. 
I also thank the countless students before me who spent not so comfortable days 
in the field collecting data for this project, and the piers who shared those days 
with me in the past year. I especially would like to thank Camelia Rotaru for her 
advice and making me believe that there is light out the tunnel, Niki Kallergis for 
setting me an example to follow. For all the lab crew: Dr. Erich Hinlein, Cora 
Olson, Cat MacDonald, Paul Chang, Erica Bums, Seokyoon Choi, and Aaron 
Judge. 
This project would not have been possible without the love and support of my 
entire family in Brazil and especially my mom and my sister. Thanks to Allan 
Fernandes, for all his encouragement and calming words. To all ofEWB UMass 
for giving me a source of motivation and hope for the future, specially: Dr. Ergas, 
Dr. Ahlfeld, Prof. Soules, Jim Duda, Marc Santos, Clara do Nascimento, and 
Colin Murphy. Finally, I wish to thank all the science and math teachers that 
sparked my interest in this world of science and in a way have made me who I am 
today. 
ABSTRACT 
The research site is located in Plymouth, Massachusetts, above the Plymouth-
Carver Aquifer. It is positioned along side State Route 25 which opened in the summer 
of 1987 in order to extend Interstate 495 to the Bourne Bridge. Snow/ice removing 
measures using salt, and an alternate deicing agent, CMA have been practiced since the 
winter of 1987. The highway runoff is collected into an infiltration basin, allowing salt 
and CMA to infiltrate the sandy aquifer below. The salt and CMA increase the specific 
conductivity of the groundwater while, the infiltrated acetate is biodegraded, leading to 
DO depletion within the aquifer. Once anoxic conditions are reached, any further 
acetate loaded into the aquifer is degraded anaerobically. 
The objective of this research was to develop and calibrate, steady state, 
analytical models of specific conductivity and DO transport through the aquifer. The 
models feature advection, vertical dispersion and for the dissolved oxygen, first order 
decay. The vertical dispersivity parameter results would be used in the reactive model 
because it contributes to the mixing of the plume, therefore accounting for the microbial 
activity. 
The data used to calibrate the model included monthly groundwater 
measurements of specific conductivity and dissolved oxygen collected and analyzed 
from October 1999 - October 2007. Groundwater quality data were obtained from four 
clusters of a total of 3 7 monitoring wells that allowed for a more detailed study of the 
vertical variation of parameters. Other data used in this research included monthly rain 
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data and the Massachusetts Highway Department reports of deicing agent solids applied 
over seven complete road-deicing seasons. 
The specific conductivity data calibrate the elevation of the plume bottom, the 
source concentration C~, and the vertical dispersivity. The bottom elevation decreases 
with distance from the basin as expected. The result for the second parameter searched 
in the transport model, c~ was checked against the expected values based on the 
average amount of deicing agent applied yearly in the research area section ofSR-25. If 
the model is correct and the average c~ predicted is as' much as 1200 J,lS!cm, then 56% 
of the deicing agent material drifted off the highway. The average vertical dispersivity 
result for all of the well clusters used in this project was 0.77 m. The first order decay 
rates results from the reactive transport model, suggest that the decay rate is zero order 
near the source and first order within time and distance away from the source. This 
behavior is exhibited in a Michaelis-Menten kinetics model. 
11 
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1.1 Overview 
CHAPTER 1 
INTRODUCTION 
The University of Massachusetts Amherst in cooperation with the Massachusetts 
Highway Department (MHD), has been studying the water quality parameter in the 
roadside soils and groundwater at the Plymouth site since the installation of monitoring 
wells in the 1990's. This research serves to assess some of the fate and transport model 
parameters of the deicing chemical contaminants in Plymouth. 
The increased application of chemical deicers for winter maintenance of road 
conditions has resulted in increased concentrations of these constituents in the 
environment. Road salts and other deicing agents play an important role on assuring 
safe driving conditions during the winter months. Traditionally rock salt, or sodium 
chloride (NaCl) in conjunction with sand are applied on American roadways. Over the 
years there has been widespread documentation of the negative environmental effects·of 
this practice, which has led to research for the development of alternative deicing 
agents, such as calcium magnesium acetate (CMA). CMA can be just as effective as salt 
when applied properly under certain storm conditions. 
The research site is along a segment of State Route 25 (SR25). Its proximity to 
salt sensitive cranberry bog is the reason why alternative deicers are used. The research 
site uses both rock salt and CMA with a mix of sand in order to minimize the negative 
environmental impacts. While CMA has been proven to have fewer negative impacts, 
its biodegradable nature can lead to reduced dissolved oxygen (DO) levels in surface 
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water and groundwater that are exposed to highway runoff. During winter storms, the 
segment of SR25 that receives deicing agents, drains into a basin where highway runoff 
infiltrates into a homogenous sandy aquifer. Over time, the infiltrated acetate is 
biodegraded, leading to DO depletion within the aquifer. Once anoxic conditions are 
reached, any further acetate loaded into the aquifer is degraded anaerobically. 
1.2 Research Objectives 
The main goal of this project was to evaluate different parameters that play an 
important role into the study of the fate and transport of highway deicing agents in the 
homogeneous, sandy aquifer at the Plymouth research site. This research is an extension 
to previous studies at the site and consisted of the following objectives: 
o Collect and compile necessary data for evaluation of the site on an 
annual, intermediate spatial scale. 
o Develop and calibrate a steady state, analytical model to predict the 
elevation of the bottom of the plume along the streamline and 
vertical dispersivity. 
o Add to the model, a first order reactive term to predict the rate at 
which occurs the depletion of oxygen due to highway deicing agent: 
CMA. 
1.3 Scope of Work 
The objectives of this project were met by collection and analysis of data from 
October 1999 - October 2007. Groundwater quality data were obtained from wells 
cluster that allowed for a more detailed study of the vertical variation of parameters. 
2 
Chapter 3 presents background and site description, which includes a discussion on the 
current drainage system in the research site and details on the deicing agent application 
rates. Chapter 4 describes the data collection methods, details on water quality 
monitoring wells located at the research site, and groundwater quality parameters 
collected. Chapter 5 presents the model development including theoretical discussion. 
Chapter 6 presents results and discussion. 
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CHAPTER 2 
LITERATURE REVIEW 
This chapter presents information on highway runoff and deicing agents, 
specifically road salt and calcium magnesium acetate, since both are used for snow/ice 
removal in the stretch of SR25 that encompasses the research area. It also addresses the 
deicing agent environmental impacts, including CMA's capacity of depleting oxygen in 
the environment even in low quantities of application. The second half of this chapter 
also presents information a brief overview of solute transport in groundwater, with main 
focus on one transport parameter: vertical dispersivity. 
2.1 Highway Runoff and Deicing Agents 
Road salt was first introduced for snow melting operations in the 1930's and its 
widespread use started in the 1960's (Ramakrishna and Viraraghavan, 2005). The term 
'salt' is used generically to mean either calcium chloride or sodium chloride. Recently 
smaller quantities of other agents have been used for specialized applications. These 
agents include ethylene glycol, urea, calcium magnesium acetate and tetra potassium 
pyrophosphate (Ramakrishna and Viraraghavan, 2005). 
In the 1970's the Federal Highway Administration (FHW A) initiated a research 
program aimed at reducing the overall cost of deicing agents so they can be used instead 
of 'road salts' (Transportation Research Board, 1991). Most of the chemicals initially 
considered were proven to be cost prohibitively, not available in sufficient quantities or 
toxic. One of the most promising deicing agents was calcium magnesium acetate. 
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The quality of highway runoffhas been substantially studied and documented 
(USEPA 1983). Other researchers analyzed snow melt particles from 10 highway 
shoulder sites in urban Cincinnati Ohio (Cristina et. al., 2002). Barrett et al. (1998) 
measured total suspended solid (TSS), chemical oxygen demand (COD), dissolved 
oxygen, nutrients, total carbon and trace metals in highway runoff in Texas. Highway 
runoff constituent concentrations and pollutant discharge were monitored for three 
highway segments typical of urban, semi-urban, and rural settings of North Carolina (WU 
et al., 1998). 
2.1.1 Road Salt 
Chloride based chemicals play an important role in ensuring safe driving 
conditions during icy/snowy weather. The United States ·applies approximately 15 million 
tons of salts each year and spends $2.3 billion annually to keep roads clear of snow and 
ice (Shi, 2005). Sodium chloride is one of the most commonly nsed deicers, because it 
has traditionally been abundant and inexpensive. It is used as rock salt for deicing and is 
typically added to sand to prevent freezing. 
Although widespread use of salt is common, research has pointed to some 
negative impacts both economically and environmentally. An economic research 
estimates that road salt imposes infrastructure corrosion costs of at least $615 per ton and 
automobile corrosion costs of at least $113 per ton (Vitaliano, 1992). Negative 
environmental impacts and human health are also a concern. Both the Na+ and cr ion can 
be toxic to vegetation when excessive accumulation occurs in the soil Na + is highly 
soluble in water, can bind to clay soil particles, break down soil structure, and decrease 
permeability (Shi, 2005). Granato and Smith (1999) correlate specific conductivity and 
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salt and premix ionic concentration in over 200 samples of highway runoff near the study 
area of this research project. Lofgren (2001) studied the chemical effects of road deicing 
salt on soil and water, particularly ion exchange, in five small, forested catchments in 
southeast Sweden. 
2.1.2 Calcium Magnesium Acetate 
CMA is a man-made powdered mixture of dolomite lime and acetic acid, giving it 
a characteristic vinegar smell (Ramalaishna and Viraraghavan, 2005). The chemical 
formula of CMA is Cao.3M&J.?{CH3COO)2 (Ostendorf et al., 2006). Sand can be added 
during the application of CMA in highways because it improves adhesion of the chemical 
to the road surface during melting of the ice. CMA was first used in Massachusetts during 
the winter of 1986-1987, when it was shown that CMA did not perform as well as salt 
when temperatures dropped below _5°C (23°P) and during heavy snowfall and freezing 
rain (Transportation Research Board, 1991). 
Currently, CMA is considered to be the best alternative to salts of all deicers, 
however, research has been done to better understand its negative impacts to the 
enviromnent. In 1988, Homer, published in the National Cooperative Highway Research 
Program a report that evaluated the enviromnental impacts of a chemically pure CMA. At 
temperatures of 10 and 20°C, decomposition of CMA was achieved in 2 weeks, however, 
at 2°C it took up to 4 weeks to fully degrade it (Homer, 1988). It was also demonstrated 
in both laboratory and field experiment that CMA concentrations of 100 mgIL and higher 
fully depleted the oxygen within 2 days in BOD (Biological Oxygen Demand) test 
(Homer, 1988). This ability to reduce dissolved oxygen in water with relatively low 
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concentrations of CMA, is the leading concern of negative impact of CMA in the 
environment. 
Laboratory and to a lesser extent, field experiments, have also shown that CMA 
has the potential to release certain trace metals, preexisting in soil, through ion exchange 
reactions involving calcium and magnesium (Homer and Brenner, 1992). 
2.1.3 Biodegradation of CMA 
The acetate ion of CMA presents a rapidly assimilated carbon and energy source 
for microorganisms, so that oxygen depletion can be of significant magnitude. 
Heterotrophic bacteria completely mineralize acetate via the tricarboxylic acid cycle, 
consuming dissolVed oxygen and producing carbon dioxide, bicarbonate, and water as 
shown (Amrhein and Strong, 1989): 
(2.1) 
Depletion of oxygen in surface and subsurface water bodies is due to the 
consumption of oxygen during CMA degradation. Acetate is used as an alternative 
electron acceptor by microorganisms when there is little or no oxygen available in the 
environment. Other alternative electron acceptors used in the environment include nitrate, 
sulfate, manganese and Fe (III) (Drever, 1997). Fe (III) is one of the most abundant 
potential electron acceptors in many subsurface environments, which includes Geobacter 
metallireducens since it degrades acetate by the following reaction (Lovely, 1993): 
CH 3COO- + 8Fe(Ill) + 4H,D -7 2HCO; + 8Fe(ll) + 9H+ (2.2) 
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Fe (III) is insoluble, and it can serve as an electron acceptor for energy metabolism under 
anaerobic conditions, resulting in the formation of Fe (II) (Rittman and McCarty, 2001). 
A multiple temperature BOD experiment was designed to determine what effect 
temperature has on the oxygen depletion rate for CMA and results showed that more than 
90% of the ultimate BOD is reached after only 3 days at 20°C, after 9 days at 10°C, 12 
days at 6°C and not until 18 days at 2oC (Brenner and Homer, 1992). The methods used 
to model oxygen depletion is the first-order model, which is the most commonly used, 
and other alternatives that primarily take the approach of considering different orders for 
the reaction, while assuming the oxygen depletion rate is proportional only to substrate 
concentration (Brenner and Homer, 1992). These models fail to account for the delayed 
oxygen depletion that can be explained by a required period of acclimation by the 
microorganisms, before they start metabolizing the substrate (Brenner and Homer, 1992). 
Due to stoichiometry, the amount of oxygen depleted is directly proportional to the 
amount of substrate (acetate) assimilated, which is in tum, proportional to the number of 
organisms present. 
There is also a potential for aerobic acetate metabolism in soils. Direct oxidation 
of acetate has been shown to occur in intact sand and sandy loam samples, but stopped 
before the complete oxidation or oxidative assimilation of the acetate (Stevenson and 
Katznelson, 1958). Stevenson and Katznelson (1958) ruled out enzyme inhibition or 
destruction and cofactor limitation as potential causes of this phenomenon, and attributed 
it to the potential of acetate being irreversibly adsorbed to the soil or converted non-
oxidatively into other organic compounds. 
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2.2 Solute Transport in Saturated Media 
The transport of solutes dissolved in ground water is known as mass or solute 
transport. As solutes migrate in groundwater mixing occurs as result of two fundamental 
process: 
1. Molecular diffusion due to random motions of molecules, and 
2. Mechanical dispersion due to velocity variations. 
While molecular diffusion is important in solute transport, and will cause a solute 
to spread away from the place where it was introduced, it is only predominant in low-
permeable hydrogeologic regimes (not the case of this research). Field observations show 
that the dispersion coefficient increases with displacment distance at a given site 
(Sudicky and Cherry, 1979). Gelhar et al. (1992) developed a plot that shows that 
longitudinal dispersivity generally is larger, the larger the extent of the modeled transport. 
The larger the transport model, the larger the velocity variations that are not explicitly 
modeled in the velocity field, and the larger the dispersion parameters need to be to 
simulate dispersion due to these variations (Fitts, 2002). This research provides only a 
glimpse of the considerable uncertainty in determining most of these values, since they 
are specific to particular plumes and geologic material. 
2.3 Vertical Dispersivity 
Extensive research has been completed on dispersion in porous media. Menand 
and Woods (2005) have noted that the coefficient of mechanical dispersion depends on 
both the geometrical structure of the porous matrix and the structure of the fluid flow. 
Dispersion that can occur along the direction of the flowpath, usually horizontal, is called 
longitudinal dispersion, while the front that tends to spread in directions normal to the 
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direction of flow is called transverse dispersion (Fetter 1999). One important observed 
aspect of dispersive transport of solute in aquifers is that field tracer tests differ from the 
pore-scale hydrodynamic dispersion of solutes in laboratory column experiments 
(Garabedian et. al., 1991). Other research illustrates the importance of good estimates of 
hydraulic conductivity in contaminant transport research (Mallants et aI., 2000). 
2.3.1 Laboratory Tracer Experiments 
Vertical dispersivity experiments have been extensevely studied under laboratory 
conditions. Harleman and Rumer (1963) measured the dispersion of sodium chloride for 
laminar water flow in beds of plastic spheres with a mean diameter of 0.96 rom and a 
porosity of 0.36 at waterve10cities ranging from 10 to 245 m day-! and they found the . 
vertical dispersivity to be between 0.023 - 0.079 rom. Oostrom et al. (1992) studied 
transport model parameters using sodium iodide as a tracer in Ottawa quartz sand and 
found vertical dispersivity to be 0.3-0.4 rom. Robbins (1989) measured vertical 
dispersion of bromide in glass beads at water velocities between 6.53 and 6.86 m day·! 
and found the transverse vertical dispersivity to be 0-0.0088 rom. Szecsody et al. (1994) 
studied the dispersive behaviour of calcium chloride at a two different flow velocities, 
which resulted in different vertical dispersivity results for each study. One of the flow 
velocities was 3.02 m day"! with vertical dispersivity results ranging from 0.17-0.63 rom 
and flow velocity of 172.8 m day·! with vertical dispersivity results ranging from 0.01 -
0.04 rom (Szecsody et al., 1994). 
Table 2.1 presents a summary of results for vertical dispersivity found in four 
different studies done under laboratory conditions and as specificied in this subsection 
above. 
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T bl 21 S a e . ummaryo fL b t T a ora ory racer tR ul E ts es xpenmen 
Vertical Dispersivity (mm) Reference 
0.023 - 0.079 . Harleman and Rumer (1963) 
0.3-0.4 Oostrom et al. (1992) 
0-0.0088 Robbins (1989) 
om -0.04, 0.17 -0.63 Szecsody et al. (1994) 
2.3.2 Field Test Tracer Experiments 
During the past decade, extensive research has been done focusing on models to 
predict contaminant transport in aquifers. Moltayner and Killey (1988) performed field 
tests at the Chalk River Nuclear Laboratories in Ontario collecting groundwater activity 
versus depth and generating a 3-dimensional analytical solution to the advection 
dispersion equation. The vertical dispersivity found was 0.0012 m.(1.2 =), which was 
independent of the travel distance of the tracer and was proportional to the velocity 
(Moltayner and Killey, 1988). 
Jensen et al. (1993) performed in the westem part of Denmark, a large scale 
natural gradient dispersion experiment using tritium and chloride as tracers. The Vejen· 
site in Denmark is a sandy aquifer. The transport simulations used yield results accounted 
for the heterogeneity of the medium and resulted in a value of 0.0005 m. (0.5 =) for the 
pore scale dispersivity (Jensen et aI., 1993). 
Sudicky et al. (1983) performed a large-scale field experiment on natural gradient 
transport of solutes in groundwater was conducted on a site in Borden, Ontario. A dense, 
three dimensional array of over 5000 sampling points were installed throught the plume 
zone and over 19,900 samples were collected over a three year period (Mackay, et. al., 
1986). During this experiment it was found that spreading was much more pronounced in 
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the horizontal then in the vertical direction. The estimated transverse vertical dispersion 
at the Borden tracer test was 0.0023 m. (2.3 mm) (Freyberg 1986). 
Le Blanc et. al (1991) have conducted a large-scale natural gradient tracer 
experiment in Cape Cod, Massachusetts to examine transport and dispersion of solutes in . 
a sand and gravel aquifer. The components of the test included injecting of a solution 
containing both reactive and non reactive tracers into the unconfined aquifer and 
monitoring its movement for 3 years. The hydrogeologic characteristic of the Cape Cod 
site are similar to the one in Plymouth. The effective porosity of the outwash in Cape Cod 
was estimated to be about 0.39 (Le Blanc et. al., 1991). At the Cape Cod study, two 
process were postulated to contribute to the downward movement of the plume: (1) 
vertical components of flow associated with areal recharge and (2) sillking of the denser 
tracer cloud into the native groundwater (Le Blanc et. al., 1991). For the Cape Cod 
experiment, the transverse vertical dispersivity calculated from linear regression was 
0.0015 m. (1.5 mm) (Garabedian et. al., 1991). It can be seen from the moment values 
that the slope of the initial rise (approximately the first 240 days) in vertical variance was 
larger and more linear than the overall trend (Garabedian et. al., 1991). 
Table 2.2 compares the estimated transverse vertical dispersivity from .two tracer 
tests: Borden and Cape Cod. Compared to the Borden test, the Cape Cod test had a denser 
sampling network and lesss uncertainty in its estimates. 
Table 2.2 Estimated Transverse Vertical Dispersivity from Tracer Test 
Test Site Vertical Dispersion (mm) Reference 
Verjen, Denmark 0.5 Jensen et al. (1993) 
Borden 2.3 Sudicky et al. (1983) 
Cape Cod 1.5 Garabedian et. al. (1991) 
Chalk River, Ontario 1.2 Moltayner and Killey (1988) 
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2.4 Reactive Transport 
The transport of biochemically reacting contaminants in aquifers is a field of 
active research. The effects of heterogeneities on the transport of biodegradable 
compounds have been investigated by multidimensional numerical models using 
stochastic distributions of hydraulic conductivity (Molz and Widdowson, 1988, 
MacQuarrie and Sudicky, 1990, Giun et al., 1995, and Kemblowski et aI., 1997). 
To model the controlling processes, it is common practice to combine a nonreactive 
transport model with a suitable biodegradation module to obtain a reactive transport 
capability (Frind et al., 1990; MacQuarrie et. al., 1990; Kinzelbach et al., 1991; Giun et 
al., 1995). Mixing between the substrates (mostly between the electron donor and 
acceptor) is very important in bioreactive transport. Without mixing, there can be no 
reactions and it dictates ruicrobial activity. Vertical dispersivity contributes to the ruixing 
of the plume, therefore modeling the biodegradation in aquifers, the accurate 
approximation of physical mixing processes is necessary. This transverse vertical mixing 
can be the more critical physical factor than the often studied transverse horizontal 
mixing. 
Previous studies (Glass, 1999; Gagnon, 1994; Ostendorf et. al., 1993a; Ostendorf 
et. al., 1993b; and Palaia, 1992) have shown that a viable acetate degrading ruicrobial 
community exists in the upper 0.3 m loamy sand strata of the unsaturated zone on the 
northern shoulder of SR25. This research has predicted that the clean sand strata beneath 
the loamy sand did not support ruicrobial populations, most likely due to lack of adequate 
soil moisture. 
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CHAPTER 3 
BACKGROUND AND SITE DESCRIPTION 
3.1 Site Characterization 
The research site is located in Plymouth, a town located in Plymouth County 
located in the southeastern part of Massachusetts. The bordering counties and landmarks 
include Barnstable County and Cape Cod Bay to the east, Norfolk, Suffolk and Bristol 
Counties to the west and north and Buzzards Bay to the south. Plymouth County consists 
of26 towns and 1 city covering 424,960 acres (171,981 hectares), which is 
approximately the equivalent of8.5% of the land area of the state of Massachusetts. The 
general coordinates of the site are 41 °46'53" North and 70°36'50" West. The Plymouth-
Carver Aquifer is along the site which also lies in the a glacial formation, the Wareham 
Outwash plain comprised of flat-lying to gently dipping beds of sand and gravel 
deposited by glacial meltwater streams (Ostendorf et aI., 2007). The Plymouth-Carver 
aquifer is a regional aquifer that underlies an area of 360km2 with an estimated storage 
capacity of approximately 500 - 540 billion gallons of water (USGS, 1996). The aquifer· 
is underlain by heavily fractured crystalline bedrock, which is mostly grauitic in 
composition and varies in texture from plutonic grauite to grauitic gneiss (Church et. al., 
1996). 
Generally, the flow of the ground water at the site is from the northeast to the 
southwest with a velocity approximately 0.3 to 0.9 mJday (Kelley, 2003). The water table 
is the highest during the spring and early summer and the lowest in the fall and early 
winter. The mean difference between the high and low water table elevation is 1 m. 
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Figure 3.1 presents the location of the study site of Plymouth in relation to the 
state of Massachusetts. The research site is along the south of the label CMA APPLIED. 
CMA is applied along the one-mile stretch of the state route . 
. $1M ;:";"'U.s.;~$UlYlJYoCIIiIlI.td:'\ll;J:25.ooo, lI!i1ilt 
~:SUlacN'll! 
":zrn..4'-51' . 
• 
Figure 3.1 Location of the Research Road Salt Alternate Area in Plymouth, MA 
along State Route 25 (after Kelley, 2003) 
The research site is positioned along State Route 25 which opened in the summer 
of 1987 in order to extend Interstate 495 to the Bourne Bridge. The site is bordered by an 
active cranberry bog approximately 18.2 m (60 ft) to the west, Weeks Pond 
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approximately 20 m (65 ft) to the south, a wetland replacement area created during the 
SR 25 construction approximately 45.7 m (150 ft) to the north, and a paved rest area 
approximately 30.5 m (100 ft) to the east. Figure 3.2 and Figure 3.3 present zoomed in 
plan views of the research area, showing the installed monitoring well locations. Note in 
the figure, SR-25 at the north of the site since the given north orientation. 
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Figure 3.2 Site Map Showing the Location of the Installed Monitoring Wells. (after 
Kelley, 2003) 
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Figure 3.3 Detail "A" at the Research Site (after Kelley, 2003) 
3.1.1 State Route 25 Drainage System 
The focus of this study 2.95 kIn (11 lane mile) section ofSR25 which extends 
Interstate 495 to the Bourne Bridge (Ostendorf et. aI, 2006). It has three 3.66m (12 ft) 
wide travel lanes, a 3.04 m (lOft) wide breakdown lane, and a 1.22 m. wide inner 
shoulder in each direction (Ostendorf et al., 2006). It also has a 30 m (100ft) wide grass 
median swale (Kelley, 2003). The catch basins are 90 m (300ft) spaced and located down 
the center of the grass swale and along the paved surface edges. The precipitation is 
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routed to the drainage system, which is divided into eight catclunents, with the length of 
103 m. each. Precipitation that falls on the pavement flows across it and into the gutter, 
which routes to the storm drain. The storm drain routes the flows in series to the exit weir 
as a discharge that leaves the system. 
Figure 3.4 shows the gravity flow direction of the drainage system discharging 
into the recharge pool. Note that the entire stretch of the highway is sloped toward the 
south with the exception of the westbound breakdown lane that slopes to the north 
direction. 
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Figure 3.4 Detail of Research Site's Drainage System (after Kelley, 2003) 
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3.1.2 Contaminant Source 
The source of contaminant is the snowlice removal activities performed by the 
Massachusetts State Highway Department along a section that drains into the drainage 
systems explained in the section above. This highway was first opened to traffic in 
August 1987 and its first salt application occurred in the winter season of 1987-1988. A 
deicing alternative has primarily been used by the MHD for this stretch of SR25 since 
1987. The reason why this snowlice removal activity has been practiced is because of 
concerns of adverse effects of salt on the growth and harvest oflocal agricultural crops . 
(cranberry plants). 
CMA does not perform as well as salt when temperatures dropped below -5°C 
(23°F) and during heavy snowfall and freezing rain (Transportation Research Board, 
1991). The MHD informed the Massachusetts Department of Environmental Protection 
(DEP) of the CMA drawback during certain weather conditions. After that, the 
Massachusetts DEP approved the use of salt as a deicier agent when safe driving 
conditions are jeopardized by CMA applications only. The decision is now made by the 
MHD regional engineer to apply 50150 (road salt to sand ratio) mix to the site until travel 
conditions are improved and the weather allows CMA application again. Factors 
affecting the regional engineer's decision to switch deicing materials include; amount of 
snow accumulated on roadway, effectiveness of applied CMA, and drivable condition of 
SR25 during storm event 
3.2 SR25 Deicing Agents Application Rates 
The Massachusetts Highway Department reports deicing agent solids applied 
during the period of record, which includes the 1999100, 2000101, 2001102, 2003/04, 
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2004/05,2005/06 deicing seasons. The data collected for this research project encompass 
seven complete road-decing seasons. 
Salt, CMA and premix from the Wareham Salt Shed were used to deice a 147 lane 
mile length highway, of which total 2.95 Ian (11 lane mile) length of State Route 25 was 
the section under study. CMA is calcium magnesium acetate, salt is sodium chloride and 
premix is a blend of80% (by mass) salt and 20% calcium chloride (Ostendorfet al., 
2006). The formula for each constituent applied in SR25 can be seen in Table 3.1. 
T hI 31 Ch . IF I fD·· A t U d t th S·t a e . ennca ormu as 0 elcm" l2en s se a e Ie 
Constituent CMA Salt Premix 
Formula CaO.3MgO.7(CH3COO), NaCI N20.883Cao."6C1"'5 
Materials expenditure reports for the District 5 - Wareham Salt Shed were 
provided by the Massachusetts Highway Department on a yearly basis, both in hard copy 
and electronic versions. Table 3.2 presents the total yearly amount of deicing agent 
applied in the 2.95 Ian stretch of SR25, which encompasses the drainage system that 
flows into the research site. The Materials expenditure reports presented the total amount 
of salt, and premix that were applied over the 147 lane mile area of paved road, therefore 
a ratio of 111147 was multiplied over the tonnage applied in order to obtain the true 
amount of salt and premix applied in the study area. This ratio was not multiplied by the 
CMA applications because CMA was used in the 11 lane mile area of paved road only. 
We also took into consideration the fact that salt and premix were not applied as freely in 
the research area as in the rest of the area maintained by the Wareham Salt Shed. 
Therefore, it was considered that it was used only 14 of the salt and premix that would 
have been applied if the application had been evenly distributed throughout the whole 
area under the Wareham Salt Shed. Recorded applications of deicing materials were 
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between the week of January 1, 2000 and March 4, 2006. Data for premix of the salting 
season 02-03 and 04-05 were not available. 
T bi 32 Y I D .. A A li a e . ear y elcmg .gent "ppJ cations 
Salting Season Salt (tons) Pre-Mix (tons) CMA(tons) 
99-00 36 7 97 
00-01 51 19 134 
01-02 17 8 50 
02-03 71 0 98 
03-04 70 5 91 
04-05 118 0 124 
05-06 53 2 46 
Figure 3.5 is a graphical representation of Table 3.2. As presented on the graph, 
the last few years there has been an increase in application of salt. The application of 
CMA has been relatively consistent within the study period. The amount of premix 
applied was much lower than the other two types of deicing agents. 
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Figure 3.5 Total Atmual Amount of Deicing Agent Applied Between the 99 and 06 
Salting Season 
The total amount of Pre-Mix sand applied over the 2.95 (11 lane mile) ofSR25 
was 41 tons (36,950 kg). The average yearly pre-mix applied was 6 tons/year. Figure 3.6 
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presents the weekly applications of Pre-Mix over the extension of research period (7 
winter seasons). 
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Figure 3.6 Weekly Pre-Mix Applications over Time 
Figure 3.7 presents the weekly amount of rock salt applied in the stretch of SR25 
that includes the drainage system over the period oftime of this research project. The 
average yearly amount ofrock salt applied was 59 tons ofrock salt. The total amount of 
salt used in the research area was 416 tons (377,630 kg). This corresponds to a total of 
4.2 tons of salt per m2 of treated paved area over the entire seven years period, since the 
calculated treated paved area was 89,916 m2• 
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Figure 3.7 Individual Salt Applications Over this Research Project's Period 
Figure 3.8 presents the weekly amount of CMA applied in the stretch of SR25 
that includes the drainage system over the period of time ofthls research project. The 
average yearly amount of CMA applied was 91 tons of CMA per year. The increase in 
cost of CMA in the past few years has made its use more economically prohibitive and 
the choice of using rock salt more appealing to highways. The total amount of CMA 
applied over the seven winter seasons was 639 tons (579,237 kg). This corresponds to a 
total of 6.44 tons of CMA per m2 of treated paved area over the entire seven years period. 
Figure 3.8 also presents underneath the CMA applications, the dates of sampling trips to 
the local research site in Plymouth. It is apparent that the sampling trips were done in a 
shortly spaced amount of time. This consistency with sampling dates reassures reliability 
of any modeling using results of sampling trip. 
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Figure 3.8 Annual Total CMA Applied and Sampling Trips Date 
The accumulate total of Salt, Pre- Mix and CMA used in the research site during 
the study period are 1,095 tons (993,800 kg). Therefore the material expenditure reports 
suggest that MassHighway applied over the study area: 38% (by mass) Salt, 4% pre-mix 
and 58% CMA during the study period. 
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CHAPTER 4 
METHODS OF INVESTIGATION 
This section describes the field methods used to monitor and evaluate the 
subsurface hydraulics and transport of deicing contaminants at the research site during 
the investigation period. 
4.1 Field Groundwater Monitoring 
Monitoring wells were installed at the research site for the purpose of monitoring 
the deicing material contaminant in the aquifer over time. The investigation period of this 
research is from October 1999 - October 2007. Temporal variations of the chemical 
constituents and index parameters were taken from the research time period. The data 
analyzed was the index parameters measured from the ground-water wells with hand-held 
field meters. These parameters included: dissolved oxygen, specific conductivity, 
temperature and pH. Water levels from the top of the riser pipe at each ground water well 
were also recorded. During the field monthly field work, water samples were also 
collected and taken to the lab for analyzes of constituents of the deicing compounds, pH 
and specific conductivity. 
This chapter describes only the procedures used in the present research. This 
includes methods of collection of dissolved oxygen, specific conductivity, temperature 
and pH using hand-held field meters. 
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4.2 Monitoring Wells Description 
The installations for the gronnd water monitoring wells were done at numerous 
locations across the research sites with depths ranging from I.S m (S ft) to 34.6 m (113.S 
ft) below grade. In addition to the monitoring wells, clusters of 8 to 11 wells were 
installed at various locations to provide a more specific vertical range of results. 
Between March 1997 and Jnne 2000, the Department of Civil and Environmental 
Engineering from the University of Massachusetts Amherst oversaw the installation of 
the monitoring wells in Plymouth. Connecticut Test Boring, LLC, of Seymour, was the 
drilling contractor employed to install all of the wells. Wells were completed in 
accordance with ASTM D-S092-90(1992a) and were finished with concrete collars and 
locked steel stick-up pipes. 
Table 4.1 presents specifications for the installed gronnd water monitoring well at 
the research site. Figure 3.2 and Figure 3.3 present the locations of the installed 
monitoring wells. 
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Table 4.1 Groundwater Monitoring Well Installation Details 
Depth to Bottom Grolllld Mldscreen l.elLotb. of 
Inst:allation . .... of Screen Elevation Ele,'<!tion .. Sdeen . 
WellID (m) . (m) (m) (m) Date 
.... 1M. 4.11 11.08 .... 7.73 1.52 06-Mar'97 
lAB 4.11 10,68 733 ·1.52 06-Mar-97 
lAC 320 9.89 7.45 152 06-Mar-97 
l.'ID 2.90 9.56 7.43 1.52 07-Mar-97 
1AE .. 2.90 .. ··7.97 .... 6.60 . . 3;05 07-Mar-97 
lAP . 2.90· 796 659 3~()5 07~Mar-'97 
lAG··· . ·2.90 K07 6.69 3.;05 2t1!!ar-97 
···IAR 2.90 K02 ·6.65· 3;05 25-Mar-97 
.... t!U ••.•.. ...•.. ···.?59 ... I 9.41--,- •... .••. 758.~ 152< 25-Mar-'97 
lAJ . 2.29 9-<)3 . .... 751 ··J.52 25-Mar-97 
. lAK • ·· .. 2.90 1.*LlO ___ ,.6.73: .....• 3:05"- 25cNlar.9.7 
1.<\L ........ : 2~90> .....• ··.K02. ·······6,64 ..... . ,3;05·.· ... 26-Marc97 
lAM ·.··.· .. ···432. , 12.o:r 8.07 . 11.52. 21cMar~97 
... LoW 3.05 ....... 952 724 .... 1.52 . 28~Mai:c97 
.. lAO . ' .. 1.83_ ··850 . .7A3 i .••.•. 1.52' ... 28..Mai:-'97 
lAP .... ; . ·1.68 .,; K19 .···.728· ..• ·. I 1.52·.······ 28.1!!ar-97 
lAQ 3:81 10.57-, 7.53< .... 1.52 2$::.Mai:c97 
lAR ... .... ··2e90.····.· . I· 9AIL· .···· .. 7.35. 1.152·· 28cMar-97. 
.. ·JAS I ... ·.2:90.< 17.97 ..... · ....•.•. 6.60;.· ·3;05 28eMar~97 
lAT 1 2:90 ·i ·····7.99. ....• ···6~62· .. · .• ·• 3.05.·· 28-Mai:~97 
lAU· ·.··.·.·3033· 
· ••. ·.10.19 , ..•.. -1938£ [· ••...•.. 152 21·AJlr-97 
IAV .... Se9!)··.·····.·.······ •• · .. ··lB5 .. ····.3.72;· ·.···1.52/ 22~Apr-97 
···lAW··· 2.9.4t·········· ······1L20 ····~17;45 1152·' 23-Apr"9'7 
·.lAX·.·· .. ··· I 13.87 ···11:94 li-LI7 ·····IS2 19-tvIaV-97 
1.1.4.Y' 1 8.99.······.··· ··.·.H.96 .... 3.73 • 11;52········ 20..MiVc97 
lAZ· I . • ··12.()4··· .. ·<·· ;11.20·· •. · CO:O? ...•. ii1.52 . ··21~May-91 
,lBA I···· ·5.94- .·H.20·· ··0.02< lcS2 '2l-Maye97 
lBB .... 1&:14 •• .11:22 1 .-6,15 ··.·· .• 152'- 2Uviay-97 
lEe 1 ·24.23\ 10.19 ···~13i8 ' .• 1.52 . 07cJulc97 
mea. ··4.88 •...•• ·· . 9.90_ 5:18"--- ·030 
-
20-Mar-9.8 
lBCb .. 7.01 9.9.3 3.08····· ··.··030. 20-Mar-98· 
lBGe 8.84 .. 9.98 1.29 030 20cMar-98 
I lBc<I .. 10.67 9.95 -056. 030 20-Mar-9!! 
lBCe 1250 
.. 9.95_ -2.39 . 0.3 .. 20'Mar-98 
lBCf . 3.96 ...... 10.05 6.24 ... 0,30 OtJull~98 
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Table 4.1 Continued 
I. !Be .. .. 7.92 . .. ·10.05 227 0.30 ·04-100-98 
lBCh ·5.79 10.01 4.37· . 0.30 04-Joo-98· 
IBCi 9.75 10.01 OA1·· 0.30 04-Jooc98 
lBCj ... 1U& 9.74 -1.09 1.52 05~JUll~98 
IBD 5.94 10.19 5.00 L52 16-Joo"97 
!BE 12;04 10.19 -1.09 152 16~JllIl-97 
lBF 18.14 . 10.19 ~7.l9 1.52 17-Juri·97 
lBG ... 2:90 . 824 6:87 .. 3.05. 17-Jriri-97 
mH 22.71 . .8.24 ·13"71 1.52 18-JUll~97 
IBI .. 8.99 8.24 0,01 1.52 1S-Juri-97 
lBI · .. 8.99 .,. 11.93 330.·.··· 1.52 ····01-Jul-97 
.. 1BK. · ...... 30.33 ..... 9:99 ~1958 .••. . . 1.52 08cJuL-97 
··.lBL. ..... .. 8:99 .. ··.·12.06 3.83 ...•.. ·1;52 08c]ru-97 
IBM •... ,2231 . [<7:89 -14:05 , L52 .. 19-Novc97 
I.lBMa .. ·.··3.81 ... 7.89 ·.4.23· •.. 0JO .... ··29c:Fan-9& 
.... IBMb 4.72 ·····1:&9 3.32 030 29-JanC9& 
lBMc ............. 5.64 ... 7.89 2.41.· •..•. ·0.30 •. 29-J:iliC9& . 
· .. IBMci· <'. .. 655 . ....... 7.89 ····1.49. 0.30 . 29-Jall.C9g •.... 
lB:!VIe • ..••...••• ·.7.32 .... 7.89. 0.73 ·'Oc36 29cJan'-98 
.1BliIff .. ' •...... 8.38 . .. .7.92 -0.30······· 0:30· i 29-Jall.::98 
IBM~ ·9C30 .... ' '799·.···· 1···A.16·' 0.30 29-Jan-98. 
··.lBMh .... J 10.21· .......•...•... 7:99 ..... ····"2.06 . 1········0'.30 :m-JanC9S 
IBN'· · .... 7047 ... ···.·.··.·.·· ···1:90 .. · •. ···· I'·"· it'"'' 152 J9CNov'-91 
•• ma ·.··.··.22.71···········.· 7,95 •••...• 1:;1399' ·.··152. 2gN1o~i'-91 
··.JBOa • ·.· •• ······.·.··.3.81·.····· •. · .. ·· 1.95 ......••.. 429 .C(3I) , ·30·Jall.'-98 ..... 
1BOb·· ·4"'1 •• ,> ................ 1-
•• • .•·7,·95·· •. ··•·•·• ·338.···.··· 1······.··.Oi3(j .. <30'-Jan:4S 
mOe .. 5;64 .. 7:95 2A7 OJ.O.··.·.i 30"Janc98 
···lBOd ... 655· ...•....•.••. 7.95 .. ' 1.55\> 1.0.30> 30'-J;ili'-9S . 
IBOe . 7.47 7:91. .059 . ··1>030.> 30.,;JanS9S. 
mOf 838 7:91 ·032 0.30 ... 30cJanc98 
mOg.·.· ,. 930 .. ···.·· ... · .. · .. 7:91 .-1.23 ..... 1.·.·030 .• ••• •.. 3\l-Jan'-9S . 
mOh ........ 10.21 .. 7:91 c2.1S ··0.50 .. 30'-Jan-98 
.•..• ·JBP·······. .... 7.47 ....... 7:95 J25 1.52 21cNov-97 
IBQ .. 22.71 .. ·7.91 -14,03 1.52· 21 cNov-'97 
lBR .... 22.71'· ..........• .7.89 -14,06 ...... 1.52 29-Jan-98 
lBS 22.71 9.71 -12')4 1.52 20-Mar~98 
lBTa. 320.< 7.77. .. ·· .. ·.··4.72··. 0.30 .. ' 19cMar-98 
lBTb 4.11 7.77 3.81 0.30 19~:ir-98 
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Table 4.1 Continued 
1Bl1c_ .. . 5Jl3 _ 7.74 2.87 030 19cMar-98 I· 
.1BTd . 5:94 7.74 1.95· . 0.3.0 19-Mar-9S 
lBTe 6.867.74 1.03·' .030 I9-Mar-lI8 
. !BIT 7.77· 7.74 .0.12 0.30·· I9-Mar-9S 
IBTg 8.69 • 7.74 -0;8.0 .0.30 19~Mar-98 
IB'Ih 9.60· 7.74 "1.71 ... 0.30 19-:tviar-98 
• ··.nm> .. 15 .. 09 7.74 -7;2.0 . .0.30 19"Mar-98 
.1BTj< . •. 12.34 7.81 -4.39· .0.30 ··22cDec-9S 
. IBTk: 1.52 . 7.81 6.43 . 0.30· 22-Dec-98 
···.·lBU ..• ·8.99 7.6.0 -\).63·· 1.52 03cJ~Ill-9S 
lEX 134.59 .. 10.27 "23.56 ... 1.52 04-JUli-98 
...... lBYI25;767.43 -17.56. 1.52 21~S¥99 
••.••. IBZI ... ··2JlO ....•.. 7.43 .&00 • '3.05 2i-Sep"99 
lGAI>5:94 ··.·1.0.67 "5.49 >.1..52 •. .19~Jilll".oo I 
.lCB.>. .. '4:42.. 10,15 ..•. ..8.02·' 4.57 . ··21"Sepc99 
..••.•. ICC ·3.0 .33 .... 9.58 ..... "19.99 ••. . .···.1.52 .•..... 19'-JI.Ill-oO 
lCDI.> 5:94. .• .••.. ..... 9.61 ... .... .4.431.52· . 19LJull."OO 
lCEI..7.4T ...•..••.... '8.04 ··.·l.c34<L52 ·20"Jrin-.oO· 
I.ICF I. 7.47 . • 8.09 1.38> .1.52 .. 2.o~Jl.IllcM 
.1CGi> 30.33 •• •.•.. 9.45 . < -11.13 .. lK2920~JI.Ill"OO 
lOR '.>8.99 .. 11:87 .. '. ··7.45 •. •.· .· .••• 9-14 .•..•.. 2Qc.J~-\)01 
ST02S •·.·· •. ··6.12 ... ··8 . .09· 2,01 .. ·•·•· .•• ··..0,.08 ..... ". 09clu1-98 .. ··
1 8T051/ 6J7 . 8.14> .. ..• 2,04 ......> .o.1509cJul"9& . 
SIl:.o·.'." ?~ ••.. ·....8.10 ..•... .•.... LOr ·.>0.30 09-Jul-98 
8'1'2:0> 6.40 .. ..··822 .. •... :;LI2.>O:6J..· 09"Jl1J·9$ 1 
iST4:0r 16,71 .• . •..•.... ·JL12~1l~.).iLti .... (J!l"j;u1-'9:& I 
4.3 Groundwater Index Parameter Measurement 
Groundwater Index Parameters as described in Section 4.1, were collected for all 
of the monitoring wells. First, water levels in the wells were measured. The readings 
were recorded to the nearest 0.001 m and converted to elevation above mean sea level 
based on the top of riser elevation. Groundwater samples were then collected from all 
monitoring wells following the sampling protocol in accordance with ASTM standard 
D4448-85a (1992b), EPA and MADEP. After purging two well volumes, the 
groundwater sample was collected into a dedicated 400 mL polyprolylene cup (Cole 
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Parmer, Vernon Hills, IL). Samples were then placed into three separate vials for analysis 
of anions, cations and bicarbonate, using a 10 mL plastic syringe (Becton Dickinson 
Corp., Franklin Lanes, NJ). The chemical analyses were not part of this research, 
consequently, laboratory analysis and field preparations will not be described in this 
research paper. The remaining water sample left in the 400 ml tri-corner sample cup was 
measured for specific conductance (or temperature compensated conductivity) in fLS/cm, 
sample temperature ("C), and pH. 
4.3.1 Specific Conductance and Temperature Measurement 
Conductivity or specific conductance is a measurement of the ability of an 
aqueous solution to carry an electric current (APHA, 1995). Specific conductance is an 
indirect measurement, which is typically faster than the direct method for contaminant 
detection since the direct method requires the samples to be analyzed with a laboratory 
instrument after the sample has been acquired. In this research project, both the direct and 
indirect methods of contaminant detection are applied but it focused on conductivity as 
the ground water property to detect contamination. Conductivity is an instantaneous 
measurement within the subsurface which acquires rapid contaminant detection. In situ 
measurements of electrical conductivity have been previously used as a tool to observe 
ground water movement (Lee, 1980; Visocky 1970) and monitor salt concentrations in 
ground water (Williams, 1977). 
Both the specific conductance and temperature were measure with a Handheld 
Salinity, Conductivity and Temperature YSI Model 30 (ySI Inc., Yellow Springs, OH). 
The system is a micro-processor based, digital meter with an attached YSI four electrode 
conductivity cell. The meter has a resolution of 1.0 fLS/cm, a range of 0 to 4999 fLS/cm 
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and an accuracy of + or - 0.5%. A temperature of 25°C as reference was used for the 
calculation of the specific conductance as following: 
Specific ConductanceZ5 0 c = Conductivity! (1 + TC * (T - 25» ( 4.1) 
where TC is the temperature coefficient (%) and T is the temperature in Celsius at which 
the conductivity was measured. The TC was left as the YSI Model 30 default TC of 
1.91 % (ySI Inc.). The meter was calibrated every month, approximately two weeks 
before each sampling trip. The standardizing solutions used for calibration were 447, 
1413 and 15,000 j.tSlcm (Fisher Scientific, Pittsburgh, PA). Most problems that occur in 
obtaining data are related to the equipment maintenance: electrode fouling and 
inadequate sample circulation (APRA, 1995). 
4.3.2 Dissolved Oxygen Measurement 
Dissolved oxygen is required for the respiration for all aerobic life forms, 
including aerobic microorganisms. The quantity of dissolved oxygen in solution is 
governed, amongst other things, by the concentration of the impurities in the water (e.g. 
salinity) (Metcalf & Eddy, 2003). DO measurement is taken in this research project as an 
indirect measurement of contamination in the groundwater. 
In the field, after the completion of the collection of the water sample, DO and 
water temperature were measured in each welL The measurements were taken with an 
YSI Model 95 Handheld Dissolved Oxygen and Temperature System (ySI Inc., Yellow 
Springs, OH). The system is a microprocessor based, digital meter with an attached YSI 
microelectrode array (MEA) dissolved oxygen probe (ySI Inc., 1998). The meter is 
attached to a 100-foot cable so it can be dropped into shallow as well as deep wells. The 
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probe is witlrin a 0.5 mil (0.005") membrane cap containing MEA probe solution (KCL), 
which is changed monthly, approximately two weeks before the trip to the field. The 
probe is kept in a protective chamber containing a moist sponge, which provides a 100% 
water saturated environment, in which the probe was calibrated prior to use. 
The probe was calibrated to zero feet of altitude and 0 ppt salinity. During the 
field measurement, the probe is lowered to the mid-depth of the screen of each well and 
kept in slight motion for a few minutes to provide adequate stirring and stabilization for 
proper measurement of DO (mgIL) and temperature ("C). The readings were recorded on 
the field sheet. 
4.4 Weir Flow Monitoring 
In order to monitor the flow into the roadside basin, two 90° V-notch weirs were 
installed. The weirs were constructed by the University of Massachusetts Amherst metal 
shop and are approximately 1.2 m (4 ft) wide and 0.7 m (2.25 ft) tall, with the V-notch 
point at 15.2 em (6 in) from the base. They are both located at the two 0.9 m (3ft) 
diameter outfalls and are equipped with a Model 4230 Bubble Flow Meter (ISCO, 
Lincoln, NE) and YSI 600R multi-parameter water quality sonde (Yellow Springs, OH). 
They YSI 600 R water quality sonde measures pH and specific conductance 
(mS/em) of the water behind the weir. It automatically calculates specific conductance at 
a reference temperature of 25°C from conductivity, as described in Section 4.3.1 . The 
YSI 600 R was calibrated upon initial installation and was recalibrated as needed. 
The flow meters are contained in waterproof casings and are housed in permanent 
enclosures next to each weir. Their dimensions are 17" by 11.5" by 10.5". Water level is 
measured by the flow meter through the recording of the pressured required to force air 
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bubbles out of a plastic tube that is mounted under the water surface behind the weir. The 
air compressor creates the air bubbles, which forces a metered amount of air into the 
tube. The flow meter converts the pressure to a water level after the tube depth is 
calibrated. The pressure, measured by a differential pressure transducer inside the flow 
meter, is directly dependent on the hydrostatic pressure of the flow stream. The bubbler 
can measured levels from 0.01 ft to 10.0 ft. The flow can be calculated using the level as 
follows: 
Q=KHZ•S ( 4.2) 
where Q is the flow rate in gpm, H is the head on the weir in feet, and K is a constant 
dependent of the angle of the notch and the units of the other measured parameters. In . 
this case, K is 1122 gpmlaz.s (Grant and Dawson, 1997). 
The Model 4230 Flow meter also recorded water level, specific conductance and 
pH at a 5 minute interval. These data were periodically downloaded into a computer in 
the groundwater laboratory of the University of Massachusetts Amherst via a cellular 
telephone connection. 
During each sampling trip, grab samples were taken from the each of the weirs. 
Water samples were taken into a tri corner 400 mL Clip and the same procedures were 
followed as described in Section 4.3.1 . 
4.5 Precipitation Data Collection 
Precipitation data were collected by a Model 674L Logging Gauge (ISCO, 
Lincoln, NE) located on site, near the East weir. This tipping bucket rain gauge has a 
capacity of measuring 760 mm!hr and a sensitivityof25 mm. It has an accuracy of+ or-
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1 % ofthe bucket volume up to 560 mmIhr. The gage was constructed of steel, stainless 
steel, aluminum and plastic parts which were treated to resist weathering. Its height and 
diameter are 33 em and 20 em respectively. Openings are protected with screens so 
debris and insects will not affect the instrument (ISCO, 1993). Snow can also be 
measured as precipitation since it is equipped with heating pads that melt the frozen rain 
during the winter period. Model 674L Data Logger recorded and then periodically 
downloaded the data into a computer in the groundwater laboratory of the University of 
Massachusetts Amherst via a cellular telephone connection. 
The data used for this research started in the year 2000. During periods of 
dysfunction or down periods of the raining gauge, the data collected at the UMass 
Cranberry Station was used to compliment the data collected at the site. The UMass 
Cranberry Station is located a few miles west to the site in East Wareham, MA. Also, the 
National Climatic Data Center (NCDC) maintains monthly precipitation data 2 km away 
from the site in East Wareham, MA (NCDC, 2002). The total rain depth collected over 
the research period was 6.78 m., which is approximately 0.97 meters of rain per year. The 
study area is 89,916 m2 of paved highway; therefore the total rain volume over the paved 
area was 609,404 m3. This data also included snow precipitation, which during a typical 
year can last from November through March. The average snow depth is 0.94m, which 
can account for 6% of the total annual precipitation, after conversion to a liquid 
measurement using a ration of1:10 (NCDC, 1991). 
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CHAPTERS 
MODEL THEORY 
Advection and dispersion in a moving flow field are the governing hydraulics of 
contaminant transport. 
5.1 Non Reactive Transport Governing Equation 
Conservative contaminants do not undergo reactions, but instead they are subject 
to dispersion as they are carried along the streamline. It is possible to study the fate of 
contaminants as they are loaded into the infiltration basin and carried downstream. 
The general equation for this model was derived for a simple transport of non-
sorbing, non-reactive solute. The governing equation has two terms, the first one is 
advection and the second one is dispersion. Molecular diffusion is neglected in this 
equation because in all but materials like massive clays, mechanical dispersion causes far 
more dispersion than molecular diffusion does. 
In addition to steady flow, the concentration field is also assumed to be steady 
state, therefore the governing equation is as follows: 
( 5.1) 
where Uz is the vertical transverse dispersivity in units of length (m.), v is the magnitude 
of the average linear velocity of the groundwater flow along the streamline (m/d). The 
linear velocity of the flow along the streamline doesn't change with respect of z (location 
of the bottom of the plume defined as the difference between the bottom of the plume 
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elevation and the measured elevation in mean sea level) nor x (distance from the basin to 
the monitoring well cluster). 
The flow can be cancelled and the final form of the governing equation is as 
follow: 
(Governing Equation) ( 5.2) 
5.1.1 Frame of Reference and Conditions 
Figure 5.1 is a sketch presenting the various dimensions along the streamline 
leaving the infiltration basin and heading towards a downstream monitoring well (figure 
not to scale). The mean sea level elevation at the bottom of the plume, shown ZB is 
dependent of the changing distance along the streamline from the basin to well cluster 
(x). C~ symbolizes the average annual specific conductivity loaded in the infiltration 
basin. CA is the specific conductivity of ambient condition that lies below the bottom of 
the plume. 
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Figure S.l Contaminant Transport Schematic 
The previous subsection discussed the governing equation for the non reactive 
solute transport model for this project. There are many solutions to this equation, but only 
a particular one for the following set of boundary and initial conditions. The resulting 
vertical dispersivity from an average yearly concentration of contaminant deposited in the 
infiltration basin can be derived by solving the governing Equation 5.2 subjected to the . 
following conditions: 
C=C~-CA (z > 0, x= 0) (S.3a) 
c=o (z < 0, x = 0) (S.3b) 
C=C~-CA (z -> <Xl) (S.3c) 
c=o (z -> - <Xl) (S.3d) 
Continuous C and oC/oz (z= 0) (S.3e) 
where C~ is the yearly average specific conductivity ofload into the infiltration basin in 
fLS/crn and CAis the ambient (contaminant-free) specific conductivity in fLS/crn. The 
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contaminant concentration and its rate of change with respect to z are continuous at z = o. 
We will introduce first the denotation for the Laplace transform of a function 
F(x): 
~ 
L[F(x)l= f F(x)e-"'dx (5.4) 
o 
We can rewrite Equation 5.4 using denotations used for this project's solutions: 
= 
C* = f C(x)e-sxdx (5.5) 
o 
where C* is the image function of C. 
Now according to the equation above we transform the governing equation: 
(5.6) 
where s is the complex argument of the image function and with homogeneity :t;,(z). 
Now a different solution is obtained for above and below the bottom of the plume 
because the following is true: 
(z> 0, x= 0) 
C*=o (z< 0, x= 0) 
5.1.2 Transformed Solution for z > 0 
Using condition 5.7a the following is true: 
(for z > 0) 
(5.7a) 
(5.7b) 
(5.8) 
Therefore using Equation 5.6 and 5.8 from condition 5.7a we obtain: 
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(5.9) 
Now a homogeneous and a particular solution for C* must be found. The final C* 
solution will be the addition of the homogeneous ( C~ ) and the particular ( C;) solutions. 
C·_C~-CA p-
s 
Appling equation 5.5 to equation 5.l0b we obtain: 
where Cl and Cz are unknown integration constants. 
(5.10a) 
(5.10b) 
(5.11) 
As mentioned earlier, the C* solution is the addition of the equation 5.l0a and 
5.11: 
(5.12) 
Since the exp( 00 ) is 00 then Cl is equal to 0 and the. t= can be cancelled out, 
therefore the following is true for z > 0: 
(for z > 0) (5.13) 
5.1.3 Transform Solution for z < 0 
Using condition 5.7b the following is true: 
39 
fo(Z) =0 (forz<O) (5.14) 
Therefore using Equation 5.6 and 5.14 from condition 5.7b we obtain: 
(for z < 0) (5.15) 
Like in the previous transform solution, both a homogenous and a particular 
solution need to be obtained: 
(5.16a) 
sc~ (5.16b) 
Appling equation 5.5 to equation 5.16b we obtain: 
(5.17) 
where C4 and C3 are unknown integration constants. 
The C* solution is the addition of the equation 5.16a and 5.17: 
(5.18) 
Since the exp( 00) is 00 then C4 is equal to 0 and the term can be cancelled out, 
therefore the following is true for z < 0: 
(forz< 0) (5.19) 
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Both a homogenous and a particular solution need to be evaluated in order to find 
the transform solution. The particular transform solution, D; and the homogenous 
transform solution D~ are presented on Equations 5.29a and 5.29b respectively. 
(5.29a) 
(5.29b) 
where Cs and C<) are two of the integration constants that are unknown. Using the 
Condition 5.25b, the exp(oo) is 00 then Cs is equal to 0 and the term can be cancelled out. 
Now, the Transform LaPlace Solution will have only one unknown constant, C6 and it 
will be the addition of both D; and D~ as presented in Equation 5.30: 
R s+-D . -D' =~+C6 exp -z ~ s+= v (for z > 0) (5.30) 
V 
5.2.3 Transformed Solution for z < 0 
According to LaPlace Transform rules we can obtain Equation 5.31 from 
Equation 5.24 and Condition 5.25c. 
(5.31) 
The particular transform solution, D; and the homogenous transform solution 
D~, for z < 0, are presented on Equations 5.31a and 5.31 b respectively. 
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D* _Ds p--
s 
(5.31a) 
(5.31b) 
Appling equation 5.26 to equation 5.31b we obtain the simplified homogenous transform 
solution in Equation 5.32. 
R s+-+cg exp -z v (Xv (5.32) 
where C7 and Cg are two constants of integrations that are unknown. Using the Condition 
5.25d, the exp(oo) is 00 then Cs is equal to 0 and the term can be cancelled out. Now, the 
Transform LaPlace Solution will have only one unknown term, C7 and it will be the 
addition of both D; and D~ as presented in Equation 5.33: 
* D D =_s +c7 exp 
s 
(for z < 0) (5.33) 
5.2.4 Matched Solution 
Now we need to eliminate the remaining unknowns: C6 and C7. Using both 
Conditions 5.27a and 5.27b we can solve for the unknown constants. First using 
Condition 5.27a, we equate Equations 5.30 and 5.33 and then set z equal to 0, which will 
yield Equation 5.34a below. After simplification, the result will be Equation 5.34b: 
(5.34a) 
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(5.34b) 
Now using Condition 5.27b, the derivative of both Equations 5.30 and 5.33 are set 
equal to each other at z equal to 0 as presented on Equation 5.35a and further simplified 
in Equation 5.35b 
C6 =-C7RA, 
s+-
v 
(5.35a) 
(5.35b) 
Once this relationship between C6 and C7 has bee)1 established, then Equation 
5.35b can be applied in Equation 5.34b as presented in Equation 5.36a then later 
simplified to Equation 5.36b. 
-c R=C +A, 7 A, 7 V
s+-= 
v 
D, (5.36a) 
C7 =D, (5.36b) 
5.2.5 Inverted LaPlace Transform Solution for z < 0 
Now that a solution for C7 has been established in Equation 5.36b and that a 
relationship to C6 has been presented in equation 5.35b, then we can continue to find a 
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solution for the inverted LaPlace Transform for z < 0, which was shown in Equation 5.33. 
First, Equation 5.33 and 5.36b are combined and simplified into Equation 5.37. 
(5.37) 
In the table of LaPlace transforms there is no one function that defines Equation 
5.37 above, therefore it needs to be separated into three smaller functions. Equation 
5.38a, 5.38b, and 5.38c define the three smaller functions that compose Equation 5.37. 
(5.38a) 
(5.38b) 
(5.38c) 
where FJ(s), F2(S), and F3(S) are functions that make up components of Equation 5.37. 
Note that Equation 5.38a defines the first term of Equation 5.37 while the product 
of Equations 5.38b and 5.38c define the second term of the addition in Equation 5.37.The 
transforms of each individual t=s above need to be defined, then the convolution rule 
needs to be applied for the transforms of Equations 5.38b and 5.38c since they are the 
product of one of the terms. The transform of two products is defined in the convolution 
rule as presented in Equation 5.39 and defined in the Table of LaPlace Transform 33.15 
of Spiegel (1965). 
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f(x) = J: f(;()G(x- X)dX (539) 
where X is the convolution variable. 
The individual transfonns of Equations 5.38a, 5.38b, and 5.38c and named f1(x), 
f2(x) and f3(x) respectively, are presented in Equations 5.40a, 5.40b, and 5.40c 
respectively according to the table of LaPlace Transfonns of Spiegel (1965). 
!,(x)=erf ( la;;J 
2 cxvx 
(5.40a) 
(5.40b) 
(5.40c) 
Applying the individual LaPlace transfonns in Equations 5AOa, 5AOb, and 5AOc, 
as well as the convolution rule as stated in Equation 5.39, then the final result is as stated 
in Equation SAL 
Z2 A, ( J x exp -- --::;(x- X) 
D=D 
-z 1 4cxvX v 
erf +- dX , ~ 7r[ ~X(x-X) for z < 0 (5.41) 
Unlike the non-reactive transport where solutions were combined, the reactive 
transport will have two separate solutions that will be used in creating the model: one for 
z < 0, and another for z > o. 
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5.2.6 Inverted LaPlace Transform Solution for z > 0 
The next step is to detenuine a solution for the inverted LaPlace Transform for the 
solution ofz > 0, which was shown in Equation 5.30 with the unknown constant C6. First, 
Equation 5.35b, which relates the two unknown constants, and Equation 5.36b are 
combined and simplified into Equation 5.42. 
• -Ax l-exp[ -z~J exp[ -z~J 
D =D,exp(-=- + R v S -A r 
s-~"s 
v 
(5.42) 
In the same marmer as before, the function in Equation 5.42 will have to broken 
into smaller functions, some of which are their product will yield one of the tenus in the 
Equation, in order to obtain the LaPlace Transformed· solution. Equation 5.38a, 5.38b 
previously presented and 5.43 below define the three smaller functions, Fl(S), Fz(s), and 
F4(S) respectively that compose Equation 5.37. 
(5.43) 
Note that the product of Equations 5.38b and 5.43 is the second term of the 
addition in Equation 5.42, and therefore, the convolution rule will need to be applied for 
the LaPlace Transform. But first, the individual LaPlace Transform of Equation needs to 
be evaluated as presented in Equation 5.44 from the Table of LaPlace Transforms of 
Spiegel (1965). 
pvJ~1 ~ f.(x)= d (5.44) 
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where f4(x) is the LaPlace Transformed solution ofF4(x). 
Applying the LaPlace Transform convolution rule as presented in Equation 5.39, 
and the individual LaPlace Transform solutions for the functions that make up Equation 
5.42 and presented in Equations 5.38a, 5.38b, and 5.43, we obtain the LaPlace 
Transformed solution for z > 0 in Equation 5.45. 
D=D , 
2 
-z /Lx 
(-Ax} ( z J 1 fX exp -4avX- v exp -- rf +- -~7"==<--"-dX v 2~avx TC 0 ~X(x-X) 
Note that both results for z < 0 and z > 0 match at z = o. 
for z> 0 (5.45) 
Now, with all of the equations for both the reactive and non-reactive transport 
ready for the model, the calibration needs to be done in order to obtain results. Section 6 
discusses the model calibration procedures and it presents the results. A brief discussion 
of the results is also in Section 6 of this report. 
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CHAPTER 6 
PROGRAM CALffiRATION, RESULTS AND DISCUSSION 
This section presents the results and interpretation of data for the study of the 
Plymouth site's contaminant transport parameters. The validation of the. environmental 
model is dependent on the available data, i.e., the time scale over which the data were 
collected. For this research, the two most important data collected were specific 
conductivity readings for the cluster monitoring wells as well as dissolved oxygen 
measurements which were provided over a seven years period at a monthly basis. The 
data used in the model was averaged over time. The model was calibrated and validated 
with the provided seven years of data, providing an ample spatial and temporal database· 
of groundwater parameters required. 
The data of groundwater parameters monitored at the site and used for the 
calibration of this model were collected at 37 monitoring wells in four different cluster 
locations. Two of the clusters, BM and BO were composed of 8 - l' screen monitoring 
wells with an additional 5' screen monitoring well to a total of9 monitoring wells. 
Cluster BC was composed of 8 different monitoring wells and cluster BT was composed 
of 11 different wells. Three of the clusters, BM, BO and BC were located in the basin 
area. The fourth cluster was located in the swamp area, south of the basin. Figure 3.3 
shows the location of these clusters with more details. The reason why these clusters 
were chosen to calibrate the model used in this research is because they have a great 
vertical spatial variance in a small horizontal spatial distance. This enables the collection 
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of the groundwater parameters in different vertical depths (locations), so their changes 
can be captured. This is important in modeling both the vertical dispersivity and re-
aeration rate because their change is dependent on vertical displacement. Re-aeration is a 
vertical displacement dependent because air is located uniformally in the top layer of the 
ground. 
6.1 Vertical Dispersivity Model and Parameters 
A nested three parameter Fibonacci search was used to determine: 1) the vertical 
dispersivity, 2) the average annual contaminant concentration in the infiltration basin and 
3) the mean sea level elevation of the bottom of the plume. The program optimizes the 
three parameters simultaneously (Beveridge and Schechter, 1970). The data used were 
specific conductivity measurements over an eight year period of monitoring. Therefore . 
the calibration was based on the known average annual specific conductivity in ).IS/em at 
given distances along the streamline and given mean sea level elevation. 
The program used was Microsoft VISUAL BASIC, which was written to searche 
for optimal parameters to fit the field data by minimizing the mean error, Omean, between' 
model results and field measurements. The model error statistics are as defined by 
Equations 6.1 and 6.2: 
o - 1 ~o 
mean - N~ 
(6.1) 
(6.2) 
where 0 is the calculated error, N is the total number of measurements, which in the case 
of this project is the .number of wells in each cluster. Cmeasured is the collected conductivity 
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measurement in the field in j.lS/em and Cpredictcd is the predicted conductivity result by the 
model in j.lS/cm. The Cmeasurcd data was dependent on data collected from October 1999 to 
October 2007. Due to the steady state nature of the model, the conductivity field 
measurements were averaged armually for each measuring well. Cpredictcd was obtained 
using Equation 5.21 as explained in the Section above. 
Table 6.1 and Figure 6.1 present the monthly averages and yearly average for the 
collected data period of October 1999 and October 2007 for the nine monitoring wells of 
Cluster BM. Table 6.2 and Figure 6.2 present the monthly averages and yearly averages 
for the same period for the nine monitoring wells of Cluster BO. Table 6.3 and Figure 6.3 
present the monthly averages and yearly averages for the same period for the eight 
monitoring wells of Cluster BC. Table 6.4 and Figure 6.4 present the monthly averages 
and yearly averages for the same period for the eleven monitoring wells of Cluster BT. 
In order for the model to generate the three unknown parameters, some known 
parameters had to be set and maximum and minimum values for search established. 
Equation 5.21 was used in the model described. The x in meters was known for each of 
the monitoring wells: 6.83 m, 22.16 m, 28.56 m, and 46.2 m for well clusters BM, BO, 
BC and BT respectively. The second known parameter was CA (j.lS/em). This parameter 
was assumed to be 85 j.lS/cm, based on the average conductivity measurement of the 
USGS, wells located across the site: A W, AZ, BA, and BB. The USGS were a good 
estimate for the ambient condition because it does not receive any of the flow from the 
catch basin located along SR-25. Therefore the contaminant doesn't infiltrate the area as 
easily as in the basin, making it a mirror of the local condition before contamination. 
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~ .~~~ ... ............................................... ~ ... 0 .... _ ......... _ ............. """::.l... ............................................ ___ ....... ~ ......... .&..O' ..... ~ 
Average Conductivit Mean Sea Level Elevation 
Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec Yearly_ m. ft. 
BMa 356 833 1311 668 1095 980 747 472 507 328 315 389 667 4.1 13.4 
BMb 243 884 645 507 1002 957 471 361 394 334 326 806 578 3.2 10.5 
BMc 197 152 314 341 621 337 218 234 268 298 271 542 316 2.3 7.4 
BMd 429 539 172 361 559 239 145 148 285 205 162 249 291 1.4 4.4 
BMe 143 116 179 153 157 121 136 141 284 180 151 144 149 0.6 1.9 
BMf 132 209 177 274 169 113 91 95 110 118 112 103 142 -0.4 -1.5 
BMg 106 86 113 191 110 166 88 105 101 126 106 100 117 -1.3 -4.3 
BMh 154 91 . 88 98 105 91 91 98 111 141 88 89 104 -2.2 -7.2 
BM 86 104 184 126 92 86 85 90 
---- --~ 78 82 87 91 99_ -14.8 -48.6 
~ -~"" ... ..... - .. ..................... ....... .......... .... - ........................ ~....... ... ....... - ............. _ ....... "' ........ _ ............... " _ ..... 
Avera e Conductivity (uS/cm) Mean Sea Level Elevation 
Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec Yearly m. ft. 
BO 99 86 98 69 76 .72 72 73 72 74 75 102 81 -14.8 -48.5 
BOa 280 467 1266 958 829 477 512 549 500 393 337 613 598 4.2 13.7 
BOb 421 541 709 1085 843 508 548 556 607 421 391 390 585 3.3 10.7 
BOc 747 413 689 1063 512 575 519 588 380 448 363 437 561 2.3 7.6 
BOd 670 393 712 958 548 569 408 376 474 387 392 355 520 1.4 4.6 
BOe 305 179 764 805 381 739 501 317 407 408 285 320 451 0.5 1.6 
BOf 345 174 883 894 412 584 388 374 274 412 335 292 447 -0.5 -1.5 
BOg 426 304 1016 841 338 567 311 205 268 300 270 206 421 -1.4 -4.5 
BOh 404 120 810 750 290 194 213 124 284 274 217 178 322 -2.3 -7.5 
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~ -~ .... '" ................. "' ....................... , ......... b'" - ................ ~- ...... , "''''',1. ........... _ ............. ", ....... _A ... "" _ ....... "' .. - ... 
-
Avera e Conductivity (uS/cm) Mean Sea Level Elevation 
Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec Yearly m. ft. 
BCa 837 1705 2290 1899 925 428 475 542 428 235 167 167 842 5.0 16.3 
BCe 728 1733 1971 1595 1295 797 587 467 385 425 330 314 886 1.1 3.6 
BCe 324 2195 2078 2272 656 641 240 128 211 192 148 145 769 -2.6 -8.5 
BCf 918 1211 1815 2211 833 483 326 600 274 165 144 176 763 6.0 19.6 
BCg 1722 1806 2818 1706 2203 1001 310 607 457 429 317 254 1136 2.1 7.0 
BCh 1105 1736 1475 1580 1928 602 542 752 481 278 319 199 916 4.2 13.8 
BCI 1477 1101 2427 1973 1138 916 856 382 314 312 321 344 963 0.2 0.6 
BCl 400 352 1973 1881 495 1008 297 178 215 211 171 123 609 -1.9 -6.3 
--- .. -~ .. ~--- -.. ---.--~- ~-------. -- ~.---~-- ---.. --. ---~-- ... -
Avera e Conductivity (uS/cm) Mean Sea Level Elevation 
Jan Feb Mar Apr May June July AU>l Sep Oct Nov Dec Yearly m. ft. 
Bta 218 800 461 552 754 1182 662 511 575 434 330 303 565 4.6 15.0 
BTb 357 743 414 796 1123 1021 554 519 403 563 440 386 633 3.7 12.0 
BTc 259 552 655 790 1296 1495 496 462 405 528 385 345 639 2.7 8.9 
BTd 218 660 696 690 940 1472 670 467 423 490 359 301 616 1.8 5.8 
Bte 259 498 522 1032 971 1286 524 450 331 437 342 206 571 0.9 2.9 
BTf 299 436 550 825 1112 859 467 408 292 352 289 187 506 0.1 0.2 
BTg 449 376 551 704 1029 719 506 444 455 261 243 170 492 -1.0 -3.3 
BTh 338 285 511 921 965 627 530 286 166 208 214 133 432 -1.9 -6.2 
Btl 85 153 697 456 918 108 85 95 100 95 110 112 251 -7.4 -24.1 
BTj 117 109 464 699 886 719 218 194 139 134 142 134 329 -4.5 -14.9 
BTk 287 601 701 670 1169 801 567 422 305 307 307 270 534 6.2 20.5 
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The maximum and minimum values that set the search location for each of the 
three parameters in the Fibonacci search are presented in Table 6.5. The search 
parameters were set so to better indicate and narrow the search field of the results. 
Table 6 5 Model Search Parameters . 
ZBmin (m) -10 
ZBmax (m) 10 
C~ min (lLS/cm) 650 
C~ max (lLS/em) 1200 
avrniIi (m) 0.01 
Uvmax(m) 2 
It is important to note that the reason why conductivity data are used to model a 
non-reactive contaminant is because it is a conservative measurement. Although acetate 
is biodegradaded into biomass, C02., and HC03• the conductivity will remain conserved 
because of the presence of the new ions created in the reaction. Therefore it is safe to 
assume that the conductivity will remain constant albeit acetate biodegradability. 
6.2 Vertical Dispersivity Results and Discussion 
The three parameter Fibonacci search VISUAL BASIC model yielded a different 
ZB value for each of the well cluster. It was expected that the ZB would change with 
changing distance along the streamline, the greater the distance from the basin, the deeper 
the bottom of the plume. Table 6.6 presents the result of the model for the bottom of the 
plume optimized value for all 4 well clusters. 
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Table 6 6 Model Results - Bottom of the Plume . 
Well Cluster Distance from the Basin Bottom of the Plume, ZB 
x(m) MSLE(m) 
BM 6.8 3.4 
BO 22.2 0.3 
BC 28.6 -4.0 
BT 46.2 -5.5 
The second parameter found through the VISUAL BASIC three parameter 
Fibonacci search was C~. This value was optimized through the search. It was expected 
that all four well cluster would have the same C~ value but the result differed. The results 
for a C~ value for each of the well clusters can are presented in Table 6.7. 
Table 6 7 Model Results for C~ . 
Well Cluster C~,p.S/cm 
BM 1199 
BO 1011 
BC 1002 
BT 695 I 
The discrepancies between each value for the different well clusters can be 
accounted for the difference of where each well cluster is located in connection with the 
center of the plume. The average result of C~ for the four well clusters was calculated to 
be 977 ~S/cm. 
The model's results for C~ can be checked against the expected values based on 
the average amount of deicing agents applied yearly in the research area section ofSR25. 
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The measured ionic concentrations can be used to calculate conductivity in naturally 
(Hamilton, 1978). The mass based, characteristic ionic conductance A is calculated as 
shown in Equation 6.3a (Ostendorf, et. a!., 2006). The units used for A is mS-m3/cm-kg. 
The dissolved agents create a runoff of concentration, c, that is relation between the 
specific (25°C) conductance and the characteristic ionic conductance (Equation 6.3b). 
A= 2:,/31* 
IONS m 
(6.3a) 
(6.3b) 
where {3 is equivalent to the ionic conductance in mS_m3 fern-mol eqv, i is the ion charge, 
and m is the molar mass of each ion. T is the deicing agent ionic fraction, based on the 
amount (% by mass) of deicing agent applied in the study area and the chemical fonnulae 
of the deicing agent solid (Sub-Section 3.2: SR25 Deicing Agents Application Rates). 
Mass Highway applied 5% calcium, 7% magnesium, 17% sodium, 47% acetate, and 26% 
chloride ions to SR-25 during the research study period as seen in Table 6.8. 
The summation of the individual A values in Table 6.8 yield an A value of 1.7 
mS_m3 fern-kg. This value can be compared to another valued computed by Ostendorf et 
a!. (2006), in earlier winter periods at the same research area. The concentration of 
deicing agent in the road according to the average c~ predicted by the model is 0.7 
kg/m3. Yet, according to recorded data (total volume of precipitation and expenditure 
reports) the applied concentration in the study area was 1.6 kg/m3. This discrepancy can 
be explained by the fact that not all of the deicing agents that are applied stay in the 
61 
paved area, on the contrary, much of it is plowed or drifts off the highway: Plowing of 
deicing agents outside the targeted lane is not an uncommon practice with conventional 
spreaders that can deposit deicers beyond the pavement. If the model is correct and the 
average C~ predicted is as much as 1200 fLS!cm, then 56% of the deicing agent material 
drifted off the highway. Our results can be compared to other researchers: Blomqvist and 
Johansson (1999) found that windblow drift and plowing deposited 20-60% of deicers off 
the paved area of a Swedish highway. Ostendorf et al. (2006) found that 45% of the 
applied deicing agent was plowed off in the Plymouth research area during the 1999/00, 
2000/01,2001/02, and 2002/03 deicing season. This estimate is lower than the value 
found during this research partly because those winter seasons were less severe than the 
last three on record of this research. 
Table 6.8 Individual Characteristic Ionic Conductance for Ions Present on Research 
Area B d M F fD .. A A Ii d ase on ass raction 0 eu:ml! ~gent ~pPJ e 
Ion If' mb 7 A 
(mS-m3/em-mol eqv) kg/mol (mS-m3/em-kg) 
1/2CaT2 0.0595 0.0401 0.051 0.153 
1I2MgTl 0.0531 0.0243 0.067 0.293 
Na 0.0501 0.0230 0.167 0.364 
CH3COO· 0.0409 0.0590 0.466 0.323 
cr 0.0764 0.0355 0.265 0.570 
a Dean, J.A. , 19 85.'% arns, D.C. ,1999 
The concentration of different constituents can be implied by the product of 
Equation 6.3b and the ionic mass fractions of Table 6.8. Using model result, as seen 
above, c = 0.7 kg/m3; therefore, the concentrations on the pavement are: 0.036 kg/m3 
calcium, 0.047 kg/m3 magnesium, 0.117 kg/ m3 sodium, 0.056 kg/ m3 acetate, and 0.331 
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kg! m3 chloride. The chloride concentration, in the winters that encompass this research 
are compatible with the chloride concentration of 0.326 kg! m3 reported by Ostendorf et. 
al. (2006) using earlier winter periods. The acetate concentration of the past few winter 
seasons are also similar to the value of 0.330 kg! m3 acetate reported by Ostendorf et al. 
(2006). 
The third parameter found was vertical dispersivity. The optimized vertical 
dispersivity for the four different clusters, varied within clusters. The values were 0.72 m, 
2.00 m, 0.09 m and 0.27 m for well clusters BM, BO, Be and BT respectively. 
Discrepancies between the predicted values for vertical dispersivity for individual 
clusters might be a result of differences between the cluster and the location of the center 
of the plume. The average vertical dispersivity for all of the weI!' clusters used in this 
project was 0.77 m. 
Typically, (ly depends on heterogeneity of aquifer or laboratory column 
conditions. For uniform sand, av is approximately equal to the grain size in mm. For 
other aquifers, with boulders and/or gravels the avis approximately in em order of 
magnitude. The results of this model can be compared to those found in both laboratory 
and field experiments as presented in Table 2.1 and Table 2.2 respectively. Our results 
are two times the order of magnitude greater than the field experiment results but only 
one time of magnitude greater than the laboratory experiments. This suggests that the 
vertical dispersivity in the Plymouth site follows a temporal heterogeneity; av is 
approximately related to the storm amplitude. Its magnitude is driven by the storm bursts 
and change in velocity field due to those occurances. 
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Using the three parameters found in the search, the model fitted the results of the 
monitoring wells with the predicted results from Equation 5.21. Figure 6.5, Figure 6.6, 
Figure 6.7, and Figure 6.8 present the measured conductivity profile and the predicted 
result of the model for clusters BM, BO, BC, and BT respectively. 
Figure 6.5 Conductivity Prof"Ile Result BM Cluster 
Measured and Predicted Conductivity Profile BM Cluster 
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Figure 6.6 Conductivity Prof"Ile Result BO Cluster 
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Figure 6.7 Conductivity Prof"Ile Result BC Cluster 
Measured vs Predicted Conductivity Profile BC Cluster 
30.000 
~ 
E 
~ 
c: 20.000 
0 
:;:; 
co 
> 10.000 
'" Measured (jj • • • (jj 
0.000 • • • -Predicted > ~ 
co 
'" -10.000 I/) 
-c: co 
'" :;: -20.000 
0.00 200.00 400.00 600.00 800.00 1000.00 1200.00 
Conductivity (us/cm) 
Figure 6.8 Conductivity Prof"Ile Result BT Cluster 
Measured vs Predicted Conductivity Profile BT Cluster 
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Table 6.9 presents a sununary of the predicted results of the model, including the 
three parameters searched in the Fibonacci search as well as the median error results. 
Note that the median error was also calculated for the results for each of the cluster. The 
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percent error was calculated dividing C~ by OM. The percent error result for all Clusters 
were within + or - 10% with the exception ofBC cluster. The BO cluster yielded the 
lowest percent error calculated. 
Table 6.9 Summary of Predicted Results 
Predicted Model Parameter 
Model Parameter BM BO Be BT 
o.v(m) 0.72 2.00 0.09 0.27 
C~ (pS/cm) 1199 1011 1002 695 
zs(m) 3.4 0.3 -4.0 -5.5 
OM (IJS/cm) 55.6 22.1 119.8 40.2 
OM/C~ 5% 2% 12% 6% 
6.3 Oxygen Demand Model and Parameters 
A nested two parameter Fibonacci search was used to determine: 1) the saturated 
dissolved oxygen reading, 2) rate of reaction due to acetate biodegrability. The data used 
was dissolved oxygen measurements over an eight year period. The calibration was based 
on the known average annual dissolved oxygen measurements in mgIL at given x and 
elevations. Due to the steady state nature of the model, the field measurements of 
dissolved oxygen were averaged annually for each measuring well. 
The program used was Microsoft VISUAL BASIC, which searches for optimal 
parameters to fit the field data by minimizing the mean error between model results and 
field measurements. The model error statistics are as defined before by Equations 6.1 and 
6.2. The predicted measurements by the model were obtained using Equation 5.41 for z < 
o and Equation 5.45 for z > O. In the numerical analysis of the definite integral of the 
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function in both Equations 5.41 and 5.42, the solution approximation was obtained using 
Gaussian Quadrature. 
Table 6.10 and Fignre 6.9 present the monthly averages and yearly average for the 
collected data period of October 1999 and October 2007 for the nine monitoring wells of 
Cluster BM. Table 6.11 and Fignre 6.10 present the monthly averages and yearly 
averages for the same period for the nine monitoring wells of Cluster BO. Table 6.12 and 
Fignre 6.11 present the monthly averages and yearly averages for the same period for the 
eight monitoring wells of Cluster BC. Table 6.13 and Fignre 6.12 present the monthly 
averages and yearly averages for the same period for the eleven monitoring wells of 
Cluster BT. Note that in both the BM and BO clusters, deeper wells suggests that the 
dissolved oxygen at deeper elevations are lower perhaps due to natural conditions of the 
aquifer. Groundwater at deeper elevations are not exposed to oxygen in the atmosphere, 
therefore they may be lower than groundwater closer to the surface. 
From the data presented, we can conclude that the two clusters (BM and BO) 
closest to the basin or source of contamination have greater dissolved oxygen levels than 
the the two furtherst clusters (BC and BT). This suggests that acetate has not been 
biodegradated by depleting oxygen levels at earlier cluster as in the two later ones. 
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Table 6.10 A IA ~ .... -....... ~~. - .... - - Dissolved 0 
.... '.0-·" BMClust 
--
Average Dissolved Oxy, en (mg/L) Mean Sea Level Elevation 
Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec Yearly m. ft. 
Bma 1.8 1.5 2.3 0.7 0.3 0.4 0.9 0.9 3.1 1.0 0.9 0.8 1.2 4.1 13.4 
BMb 2.3 3.7 1.5 0.7 0.4 0.4 0.9 0.4 1.4 0.6 0.7 0.8 1.1 3.2 10.5 
BMc 1.2 3.3 2.5 2.8 1.9 2.0 3.3 3.4 2.9 3.0 2.5 2.1 2.6 2.3 7.4 
BMd 3.9 6.3 4.7 2.3 2.3 2.4 5.5 5.8 3.9 4.6 4.9 3.6 4.2 1.4 4.4 
Bme 6.3 8.5 6.1 4.4 3.4 6.3 7.3 6.0 6.2 6.1 6.4 5.2 6.0 0.6 1.9 
BMf 7.4 8.6 7.6 6.2 5.9 7.4 7.7 7.3 6.3 6.9 6.2 7.5 7.1 -0.4 -1.5 
BMg 7.2 8.7 8.2 5.1 5.3 8.2 6.6 4.6 6.8 8.2 6.3 6.3 6.8 -1.3 -4.3 
BMh 6.2 6.5 8.5 5.8 5.6 6.8 6.6 5.0 6.3 7.5 7.4 5.8 6.5 -2.2 -7.2 
BM 1.8 2.9 4.3 2.9 2.5 3.3 4.2 2.5 . 2.8 3.4 3.2 2.3 3.0 -14.8 -48.6 
Table 6.11 A IA 
-------- -_. -- -- -
Dissolved 0 0-
---
BO Clust 
- - ----- ---
Average Dissolved OX\ gen (mg/L) Mean Sca Levcl Elevation 
Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec Yearly m. ft. 
BO 3.8 3.2 3.3 1.6 2.0 2.6 2.8 1.3 2.6 3.4 3.2 2.7 2.7 -14.8 -48.5 
Boa 0.8 1.0 1.1 0.4 0.5 0.4 0.9 0.4 1.7 0.9 0.6 1.0 0.8 4.2 13.7 
Bob 0.8 0.7 1.8 0.3 0.3 0.4 1.1 0.4 1.0 0.7 0.6 0.8 0.7 3.3 10.7 
Boc 0.5 0.7 1.3 0.3 0.3 0.3 0.9 0.4 1.2 0.6 0.3 0.5 0.6 2.3 7.6 
Bod 0.5 0.6 1.3 0.3 0.5 0.4 0.8 0.4 1.1 0.6 0.3 1.4 0.7 1.4 4.6 
Boe 0.8 1.2 1.4 0.8 0.4 0.3 1.6 1.3 1.5 1.1 0.7 0.6 1.0 0.5 1.6 
Bof 1.1 2.2 2.6 1.0 1.4 1.4 1.9 1.6 1.9 2.1 0.5 0.9 1.6 -0.5 -1.5 
Bog 4.0 4.8 1.9 0.8 1.4 0.7 2.5 4.0 2.5 3.3 3.0 1.7 2.5 -1.4 -4.5 
Boh 4.6 7.1 2.1 1.2 2.0 3.4 4.1 5.9 4.1 5.4 5.6 5.9 4.3 -2.3 -7.5 
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Table 6.12 A lA ----.-._- -_. -- ~ - Dissolved 0 
-- --
BCCl -~¥--
Average Dissolved Ox~ gen (mg/L) Mean Sea Level Elevation 
Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec Yearly m. ft. 
Bea 1.1 0.8 1.1 0.5 1.4 1.3 0.9 0.8 0.7 0.7 1.4 1.6 1.0 5.0 16.3 
BCc 0.5 0.6 1.0 1.0 0.5 1.1 1.1 0.8 1.0 0.5. 0.3 0.8 0.8 1.1 3.6 
Bee 4.0 2.9' 1.7 0.7 1.4 1.7 2.2 1.6 2.8 3.3 3.7 4.5 2.5 -2.6 -8.5 
BCf 0.9 1.2 1.3 1.3 0.8 1.0 2.8 1.2 1.2 1.2 0.9 1.0 1.2 6.0 19.6 
BCg 0.5 0.6 0.9 0.4 0.2 1.3 0.5 0.8 1.2 0.5 0.3 0.8 0.7 2.1 7.0 
BCh 0.6 0.7 0.9 0.4 0.7 0.7 0.5 1.0 1.0 0.7 0.4 1.0 0.7 4.2 13.8 
Bel 0.5 0.5 0.9 0.4 0.6 1.1 0.5 0.8 1.0 0.6 0.3 1.2 0.7 0.2 0.6 
J3c;i_ _:l.L 4.2 ·2.0 .. 1.7 1.0 1.9 
--
2.2 1.5 ... _1.3 2.9 3.8 3.8 2.4 
----
-1.9 :.6.3 
- ... __ •• 0 ____________ • __ .0 ___ ._0 __ 0 _. ___ Table 6.13 Annual A Dissolved 0 
---
BT Clust 
-- --------
Average Dissolved Ox, gen (mg/L) Mean Sea Level Elevation 
Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec Yearly m. ft. 
Bta 0.89 1.89 0.61 0.80 0.44 0.38 0.28 0.75 0.75 1.35 0.67 1.50 0.86 4.6 15.0 
BTb 0.85 1.21 0.68 0.81 0.39 0.35 0.27 0.68 0.39 0.71 0.67 1.20 0.68 3.7 12.0 
BTc 0.82 0.96 0.59 0.61 0.39 0.34 0.24 0.72 0.46 0.44 0.49 0.76 . 0.57 2.7 8.9 
BTd 0.51 0.86 0.43 0.51 0.41 0.35 0.26 0.67 0.70 0.39 0.26 0.54 0.49 1.8 5.8 
Bte 0.76 0.97 0.44 0.64 0.34 0.28 0.37 0.92 0.40 0.31 0.23 1.19 0.57 0.9 2.9 
BTf 0.86 0.95 0.30 0.69 0.41 0.32 0.38 0.47 0.41 0.34 0.18 1.72 0.59 0.1 0.2 
BTf! 0.33 0.69 0.63 0.54 0.23 0.40 0.51 0.66 0.71 0.38 0.19 1.16 0.54 -1.0 -3.3 
BTh 0.65 1.94 2.88 0.58 0.44 1.21 0.35 0.58 0.93 0.42 1.12 1.36 1.04 -1.9 -6.2 
Btl 5.07 4.21 3.74 2.73 3.98. 6.33 4.37 4.05 3.71 5.30 4.17 4.34 4.33 -7.4 -24.1 
BTj 3.47 3.93 4.04 1.41 0.98 2.61 2.10 1.98 1.91 1.23 3.34 2.23 2.44 -4.5 -14.9 
BTk 0.85 1.67 1.05 1.27 1.44 0.57 0.60 1.15 1.03 1.87 0.87 0.98 1.11 6.2 20.5 
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Figure 6.9 Yearly Average DO ProfIle - BM Cluster 
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Figure 6.10 Yearly Average DO ProfIle- BO Cluster 
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Figure 6.11 Yearly Average DO ProfIle -.BC Cluster 
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Figure 6.12 Yearly Average DO ProfIle - BT Cluster 
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The maximum and minimum values that set the search location for each of the 
two parameters in the Fibonacci search are presented in Table 6.5. Like search used for 
the previous model, the search parameters were set so to better indicate and narrow the 
search field of the results. 
Table 614 Model Search Parameters . 
Dsmin (mgiL) 1 
Dsmax (mg/L) 10 
A min (day"') 0.0001 
A max (day·') 2. 
The known parameters used in predicting dissolved oxygen at different mean sea 
level elevations for different clusters were: 1) the distance of each cluster from the basin 
in meters, 2) Ci.v in meters, 3) ZB in meters, and groundwater flow in mid. Both Ci.v and 
ZB were values found in the previous model. 
6.4 Oxygen Demand Model Results and Discussion 
The re-aeration model yielded two optimized values for each of the well clusters. 
Table 6.15 presents a sununary of parameter results from the model. The average Ds 
value is 6.3 mg/L but the BO cluster value can be considered abnormally low, then the 
average Ds value neglecting the BO cluster is higher at 7.2 mgiL. Lower values for bothe 
the BM and BO clusters may be due to the fact that they included a deeper monitoring 
well with natural lower dissolved oxygen measurement, therefore bringing down the 
result to a lower Ds. 
Total results are lower than expected from the table of equilibrium concentrations 
of dissolved oxygen as a function oftemperature and. chloride (Whipple and Whipple, 
. 1911). This is so because in the table even at chloride concentrations of zero mgiL, the 
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dissolved oxygen concentrations in mgIL vary from 11.33 - 9.54 at varying temperatures 
of 10 - 18°C. Our saturated results are lower than those of even 0 mgIL of chloride. 
The percent error was calculated dividing Ds by OM. The percent error result for 
all clusters were within + or - 10% with the exception ofBO cluster. 
Table 6.15 Summary of Parameter Results from Model 
Model Parameter BM BO Be BT 
A (d") 0.188 0.029 0.019 0.018 
Os (mg/L) 6.2 3.7 7.8 7.5 
OM (IlS/cm) 0.4 0.4 0.2 0.1 
OMlDs 7% 12% 3% 1% 
It is interesting to note that the A (d") result was highest in the BM cluster (closer 
to the basin) and then it stabilized assymptotically as distance away from the basin. 
Distance away from the basin is related also to time. As it is known, first-order decays do 
not change with time, therefore these results suggest that this decay is zero order near the 
source (BM and BO cluster) then turning into first order within time and distance away 
from the source (BC and BT cluster). This behavior is exhibited in the Micahelis-Menten 
degradation kinetic model (Barry et. al. 2002), and not of the assumed first-order model 
of Equation 5.22 in this report. As substrate increases, the expectation is that the 
degradation rate plateaus, which is a feature of the Michaelis-Menten Model's Equation 
shown below. 
-v [s] Re action = . max 
KM +[s] (6.4) 
where V max is a maximum reaction rate coefficient, [S] is the substrate concentration, and 
KM is a half-saturation coefficient. 
The importance of the Michaelis-Menten Equation is observed because it is first 
order at relatively low substrate concentrations and zero order at relatively high substrate 
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concentrations, as presented in the results of reaction rates for the different clusters of this 
project. 
Using the two parameters found in the search, the model fitted the results of the 
monitoring wells with the predicted results. Figure 6.13, Figure 6.14, Figure 6.15, and 
, 
Figure 6.16 present the measured conductivity profile and the predicted result of the 
model for clusters BM, BO, Be, and BT respectively. 
Figure 6.13 Dissolve Oxygen Profile Result BM Cluster 
Measured and Predicted DO Profile BM Cluster 
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Figure 6.14 Dissolved Oxygen ProfIle Result BO Cluster 
Measured and Predicted DO Profile BO Cluster 
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Figure 6.15 Dissolved Oxygen ProfIle Result BC Cluster 
Measured vs Predicted DO Profile BC Cluster 
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Figure 6.16 Dissolved Oxygen ProfIle Result BT Cluster 
Measured vs Predicted DO Profile BT Cluster 
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It is important to note that the solution to this transport model was arrived using a 
macro-scale, through the bulk groundwater fluid. The characteristics of the macro-scale 
include distance between the pores of width L. A typical value for L is 15 !lm. The rate of 
reaction in the macro-scale is governed by advection between the pores. We can relate 
the solution of A from the macro-scale to the micro-scale. In the micro-scale the dissolved 
oxygen is consumed in fixed films shown in Figure 6.17 with thickness LF, through a 
crossflow balance of film diffusion and first order decay AF. The biofilm is fixed in the 
grain of soil. The film distance is along the y direction, where y = 0 is the location of 
sand grain - biofilm point of beginning. 
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The film dissolved oxygen concentration is <p (mg/L) and the film diffusivity is co 
so that the governing consumption of oxygen transport equation is as follow: 
dcp =0 
dy 
D =<p 
(y=O) 
(y = LF) 
(6.5a) 
(6.5b) 
(6.5c) 
The no flux condition at y = 0 specifies a hyperbolic cosine solution: 
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(6.6) 
Equation 7 prescribes the flux J from the bulk groundwater fluid into the film. 
J=(J) dq; 
dy 
(6.7a) 
(6.7b) 
Since the macro-scale oxygen efflux is treated as a first order decay term across 
the pore width, then the marcoscale reaction can be revelead as a flux term at the 
microscale. 
AL=J (6.8a) 
A= ~tanh[LF~J 
L 
(6.8b) 
In the case that there an absence of dissolved substrate, we postulate that the 
biofilm consumes itself, therefore reducing its thickness. This reduces the argument 
inside the hyperbolic tangent, which will eventually reach a small argument 
approximation as shown in the equation below: 
as argument .... 0 then tanh(argument) .... argument. (6.9) 
Therefore Equation 6.8b can be simplified using the argument approximation of 
Equation 6.9 to a result as shown in Equation 6.10 
(6.10) 
78 
The relationship between the first order decay rate of the micro-scale and macro-
scale is obtained by multiplying the micro-scale decay rate to the ratio between the 
microfilm distance and the distance between the individual sand grain size. Therefore, the 
rate of decay in the biofilm will always smaller than the rate of decay of the macro-scale 
system. This theory can be tested by using smaller time scales results in the model, such 
as monthly average results, so that the change of rate of decay can be observed. This is 
true because the thickness ofbiofilm will change with different time scale, the bigger it is 
the smaller the biofilm, therefore the results of the macro-scale first order decay should 
also decrease. 
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CHAPTER 7 
CONCLUSIONS AND RECOMMENDATIONS 
7.1 Summary of Completed Work 
The goal of this research project was to develop and calibrate a oue dimensional, 
steady state, analytical models of specific conductivity and DO transport through the 
aquifer in Plymouth, MA. The models feature advection, vertical dispersivity and for the 
DO model, a first order reactive term to predict the rate at which occurs the depletion of 
oxygen due to highway deicing agent: CMA. The vertical dispersivity parameter results 
were used in the reactive model because it contributed to the mixing of the plume, 
therefore accounting for the microbial activity. Understanding the parameters found 
through this research is crucial to the study of the fate and transport of deicing agents in 
the study site in Plymouth. 
Monthly groundwater quality measurements of specific conductivity and 
dissolved oxygen were collected and analyzed from October 1999 - October 2007. 
Vertical profiles of the dissolved oxygen measurement and of the specific conductivity 
were used to analyze the data Data were averaged over time and utilized to calibrate the 
model of both reactive and non reactive transport. Groundwater quality data were 
obtained from four clusters of a total of 3 7 monitoring wells that allowed for a more 
detailed study of the vertical variation of parameters. The vertical variation is important 
in modeling both the vertical dispersivity and re-aeration rate because their change is 
dependent on vertical displacement. Other data used in this research included continuous 
weeklyraiIi data from East Wareham, MA, which is located 2 Ian away from the research 
area. Also, the Massachusetts Highway Department reports of deicing agent solids (Salt, 
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Pre-Mix, and CMA) applied over the research area during seven complete road-deicing 
seasons were used. 
7.2 Conclusion 
The model results for the location of the bottom of the plume, as expected, 
increased with increasing distance from the source of contamination, the basin. The mean 
sea level elevation of the bottom of the plume were 3.4 m, 0.3 Ill, -4.0 m, and -5.5 m for 
wells BM, BO, BC, and BT respectively. The distances from the source of contamination 
(the basin) are 6.83 m, 22.16 m, 28.56 m and 46.20 m for wells BM, BO, BC, and BT 
respectively. 
The maximum average yearly conductivity in the plume (C~), was checked 
against the expected values based on the average amount of deicing agent applied yearly 
in the research area section ofSR-25. The results were 1199 f.lS/cm, 1011 f.lS/cm, 1002 
f.lS/cm, and 695 f.lS/cm for wells BM, BO, BC, and BT respectively. The discrepancies 
between each value for the different well clusters can be accounted for the difference of 
where each well cluster is located in connection with the center of the plume. Using the 
maximum predicted C~ of 1200 f.lS/cm, then 56% of the deicing agent material drifted off 
the highway. 
The average vertical dispersivity result for all of the well clusters used in this 
project was 0.77 m. The individual values were 0.72 m, 2.00 m, 0.09 m and 0.27 m for 
well clusters BM, BO, BC and BT respectively. Discrepancies between the predicted 
values for vertical dispersivity for individual clusters might be a result of differences 
between the cluster and the location of the center of the plume. 
In the case of this project, we also modeled a biodegradable solute (acetate) 
therefore a co=only applied simplistic model can be used: it is assumed that the decay 
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is governed by a simple first-order rate law. One of the key assumptions of this reactive 
model is that the degradation of oxygen in the groundwater is only due to the 
contamination from deicing agents. In reality, the degradation of natural organic matter 
occurs in the environmental but in this project, we have come to assume that this is 
negligible compared to the acetate available due to deicing agents. 
The first searched parameter was the saturated dissolved oxygen measurement. 
The results for each of the clusters BM, BO, BC and BTwere 6.2 mgIL, 3.7 mg/L, 7.8 
mgIL and 7.5 mg/L. The average Ds value is 6.3 mgIL but the BO cluster value can be 
considered abnormally low, then the average Ds value neglecting the BO cluster is higher 
at 7.2 mg/L. Low Ds results might be due to the inclusion of a deeper monitoring well 
with naturally low dissolved oxygen measurements. 
The decay rates changed for each of the clusters, which is not what was expected 
because the model was a first order decay which doesn't change within time (as time is 
related to distance through the velocity of groundwater flow). The decay rates results 
from the model were as followed: 0.188 d· l for cluster BM, 0.029 dol for cluster BO, 
0.019 d· l for cluster BC and 0.018 d· l for cluster BT. The results from the reactive 
transport model, suggest that the decay rate is zero order near the source and first order 
within time and distance away from the source. This behavior is one of the features 
exhibited in a Michaelis-Menten kinetics model. 
7.3 Recommendation 
After the conclusion of this research project, it is recommended that further 
research be done to analyze and expand some of the questions and observations that were 
put in aspect during this research. The following is recommended: 
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o Investigate the effects of time scale in the results of the vertical dispersivity 
model by using weekly, monthly and or yearly averaged specific conductivity 
results for the calibration of the model. 
o Analyze the oxygen demand piece of this project using a Michaelis-Menten 
kinetic as opposed to a first order kinetic to account for the depletion of 
oxygen by the acetate consuming microorganisms. 
o Test the theory of relationship between the macro-scale and the micro-scale 
first order rate of decay by using smaller time scales results in the model, such 
as monthly average results, so that the affected change of rate of decay can be 
observed. 
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APPENDIX A 
VISUAL BASIC PROGRAMS 
92 
Al. Conductivity Model: 
Three Variable Nested Fibonacci Search for Mean Seal Level Elevation of Bottom of 
the Plume, Conductivity at the Recharge Basin, and Vertical Dispersivity. 
93 
'TripleSearch Program 
'Marina Pereira 
'Fall 2007 
'01105/07 6:06PM 
'Declarations 
Dim x 'Distance to cluster along streamline (m) 
Dim CA 'Ambient Concentration (uS/cm) 
Dim alphav 'Vertical dispersivity (m) 
Dim alphavrnin 'minimum value for vertical dispersivity used in search (m) 
Dim alphavrnax 'maximum value for vertical dispersivity used in search (m) 
Dim zopt 'zopt for bottom of plume at cluster location (m) 
Dimzmin 
Dimzmax 
Dimcinfmin 
Dimcinfmax 
Dim cinf'Annual Average Concentration at basin (uS/em) 
Dim nn 'Number of wells measured in cluster 
Dim ri(8) '8 point gauss quadrature parameter 
Dim al(8) '8 point gauss quadrature parameter 
Dim conem(l 00) 'average annual concentration measured in well (uS/em) 
Dim concp(l 00) 'predicted average annual concentration in well (uS/em)· 
Dimerfcarg 
Dim arg(IOO) 
Dim zm(100) 'Measured Mean sea level elevation (m) 
Dimzp(IOO) 
Dimdeltm 
Dim delta(IOO) 
Dim ierr 
Sub MainO 'Main calling program 
For Each sh In ThisWorkbookWorksheets 'allows this program to run for all 
worksheets 
sh.Activate 
ReadData 
Triplesearch 
output 
Nextsh 
End Sub 
Sub ReadDataO ' Read in data 
For iread = 1 To 8 
ri(iread) = Cells(l + iread, 1) 'Gauss ri 
al(iread) = Cells(l + iread, 2) 'Gauss al 
Nextiread 
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nn = Cells(l, 3) 
x = Cells(2, 3) 
CA = Cells(3, 3) 
zmin = Cells( 4, 3) 
zmax = Cells(5, 3) 
cinfinin = Cells(6, 3) 
cinfinax = Cells(7, 3) 
alphavrnin = Cells(8, 3) 
alphavrnax = Cells(9, 3) 
For jread = 1 To nn 
concmGread) = Cells(l + jread, 5) 
zmGread) = Cells(l + jread, 6) 
Nextjread 
End Sub 
Sub TriplesearchO 
xmin=zmin 
xmax=zmax 
'Innersearch for zopt 
xl = xmin + 0.382 * (xmax - xmin) 
zopt=x1 
Outersearch 
dell = deltm 
x2 = xmin + 0.618 * (xmax - xmin) 
zopt=x2 
Outersearch 
del2 = deltm 
For itrip = 1 To 12 
If dell < del2 Then 
xmax=x2 
x2=x1 
del2 = dell 
xl = xmin + 0.382 * (xmax - xmin) 
zopt=x1 
Outersearch 
dell = deltm 
Else 
xmin=x1 
xl =x2 
dell = de12 
x2 =xmin + 0.618 * (xmax - xmin) 
zopt=x2 
Outersearch 
de12= deltm 
End If 
Cells( 6, 7) = itrip 'output of running time during run 
Cells(7, 7) = zopt 'output of alphav during run . 
Next itrip 
zopt=(x1 +x2)!2 
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Outersearch 
End Sub 
Sub OutersearchO 
xmin = cinfmin 
'Innersearch for C infinity 
xmax = cinfmax 
xl = xmin + 0.382 * (xmax - xmin) 
cinf= xl 
Innersearch 
dell = deltm 
x2 = xmin + 0.618 * (xmax - xmin) 
cinf=x2 
Innersearch 
de12 = deltm 
For iout = 1 To 12 
If dell < del2 Then 
xmax=x2 
x2=xl 
del2 = dell 
xl = xmin + 0.382 * (xmax - xmin) 
cinf= xl 
Innersearch 
dell = deltm 
Else 
xmin=xl 
xl =x2 
dell = del2 
x2 = xmin + 0.618 * (xmax - xmin) 
cinf=x2 
Innersearch 
del2 =deltm 
End If 
Cells( 4, 7) = iout 
Cells(5, 7) = cinf 
Next iout 
cinf= (xl + x2) / 2 
Innersearch 
End Sub 
Sub InnersearchO 'Innersearch for optimum vertical dispersivity (alphav) 
xmin = alphavrnin 
xmax = alphavrnax 
xl = xmin + 0.382 * (xmax - xmin) 
alphav=xl 
Errors 
dell =deltm 
x2 = xmin + 0.618 * (xmax - xmin) 
alphav=x2 
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Errors 
del2 = deltm 
For iin = 1 To 12 
If dell < del2 Then 
xmax=x2 
x2=x1 
del2 = dell 
xl = xmin + 0.382 * (xmax - xmin) 
alphav=x1 
Errors 
dell = deltm 
Else 
xmin=x1 
xl =x2 
dell = del2 
x2 = xmin + 0.618 * (xmax - xmin) 
alphav=x2 
Errors 
del2 = deltm 
End If 
Cells(l, 7) = iin 
Cells(2, 7) = deltm 
Cells(3, 7) = alphav 
Nextiin 
alphav = (xl + x2) ! 2 
Errors 
End Sub 
Sub ErrorsO 'Compute RMS Error 
deltm= 0 
For ierr = 1 To nn 
Prediction 'Use subroutine to predict Concentration (cone) 
delta(ierr) = concm(ierr) - concp(ierr) 
deltm = deltm + delta(ierr) 1\ 2 
Nextierr 
deltm = (deltm ! nn) 1\ 0.5 Mean error 
End Sub 
Sub PredictionO 'Model goes here 
arg(ierr) = (-=(ierr) + zopt) ! (2* (alphav * x) 1\ 0.5) 
Cells(l + ierr, 13) = arg(ierr) 
Erfc 
concp(ierr) = (cinf - CA) ! 2 * erfcarg 
End Sub 
Sub ErfcO 'Error function subroutine 
If arg(ierr) > 5 Then 'Use large argument approximation 
erfcarg = 1 ! 1.772 * Exp( -arg(ierr) 1\ 2) ! arg(ierr) 
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Else 
If arg(ierr) > 0 Then '8 point gauss quadrature here 
a=O 
b = arg(ierr) 
erfarg= 0 
For Ierf= 1 To 8 
xi = (a + b) / 2 + (b - a) / 2 * ri(Ierf) 
wi = (b - a) / 2 * al(Ier±) 
erfarg = erfarg + wi * 2 * Exp(-xi 1\ 2) / 3.14281\ 0.5 
Next Ierf 
erfcarg = 1 - erfarg 
Else 
arg(ierr) = -arg(ierr) 'negative argument 
If arg(ierr) > 5 Then 
erfcarg = 2 - 1 / 1.772 * Exp( -arg(ierr) 1\ 2) / arg(ierr) 
Else 
a=O 
b = arg(ierr) 
erfarg= 0 
For jerf= 1 To 8 
xi = (a + b) /2+ (b - a) / 2 * riGerf) 
wi = (b - a) / 2 * alGer±) 
erfarg = erfarg + wi * 2 * Exp(-xi 1\ 2) / 3.14281\ 0.5 
Nextjerf 
erfcarg = 1 - erfarg 
erfcarg = 2 - erfcarg 
End If 'large negative if 
End If 'positive if 
End If 'large positive if 
End Sub 
Sub outputO 'Display input data and results 
Cells(8, 7) = nn 
Cells(9, 7) = x 
Cells(lO, 7) = CA 
Cells(ll, 7) = zmin 
Cells(12, 7) = zmax 
Cells(13, 7) = cinfinin 
Cells(14, 7) = cinfinax 
Cells(15, 7) = alphavrnin 
Cells(16, 7) = alphavrnax 
For iout = 1 To nn 
Cells(iout + 1,9) = concm(iout) 
Cells(iout + 1, 10) = zm(iout) 
Nextiout 
Forjout= 1 To 100 
ierr= jout 
ZPGout) = -20 + jout * 0.5 
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zmGout) = ZPGout) 
Prediction 
CellsGout + 1, 11) = concpGout) 
CellsGout + 1, 12) = ZPGout) 
Nextjout 
End Sub 
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A2. Dissolved Oxygen Model: 
Two Variable Nested Fibonacci Search for Satnrated Dissolved Oxygen, and Rate oj[ 
Oxygen Depletion. 
100 
'DoubleSearch Program 
'Marina Pereira 
'Fall 2007 
'02/05/083:43PM 
'Declarations 
Dim x 'Distance to cluster along streamline (m) 
Dim alphav 'Vertical dispersivity (m) 
Dim Cs 'Saturated Dissolved Oxygen (mglL) 
Dim cinf'Annual Average Concentration at basin (uS/em) 
Dim zopt 'zopt for bottom of plume at cluster location (m) 
Dim lambda 'reactive term of transport (lid) 
Dim lambdamin 'minimum value for reactive term of transport 
Dim lambdamax 'maximum value for reactive term of transport 
Dim csmin 'Saturated Dissolved Oxygen minimum value (mglL) 
Dim csmax 'Saturated Dissolved Oxygen maximum value(mglL) 
Dim v 'Flow rnIday 
Dim nn 'Number of wells measured in cluster 
Dim ri(8) '8 point gauss quadrature parameter 
Dim al(8) '8 point gauss quadrature parameter 
Dim conem(lOO) 'average annual concentration measured in well (uS/em) 
Dim concp(100) 'predicted average annual concentration in well (uS/em) 
Dim erfparg 
Dimerfnarg 
Dim intpositive 
Dim intnegative 
Dim arg(100) 
Dim zm(100) 'Measured Mean sea level elevation (m) 
Dim zp(100) 
Dim deltrn 
Dim delta(lOO) 
Dim ierr 
Sub MainO 'Main calling program 
For Each sh In ThisWorkbook.Worksheets 'allows this program to run for all 
worksheets 
sh.Activate 
ReadData 
Irmersearch 
output 
Nextsh 
End Sub 
Sub ReadDataO ' Read in data 
Foriread= 1 To 8 
ri(iread) = Cells(l + iread, 1) 'Gauss ri 
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al(iread) = Cells(l + iread, 2) 'Gauss al 
Nextiread 
nn = Cells(l, 3) 
x = Cells(2, 3) 
alphav = Cells(3, 3) 
cinf= Cells(4, 3) 
zopt = Cells( 5, 3) 
csmin = Cells(6, 3) 
csmax = Cells(7, 3) 
lambdamin = Cells(8, 3) 
1ambdamax = Cells(9, 3) 
v = Cells(10, 3) 
For jread = 1 To nn 
concmGread) = Cells(1 + jread, 5) 
zmGread) = Cells(l + jread, 6) - zopt 
Nextjread 
End Sub 
Sub lnnersearchO 
xmin= csmin 
xmax=csmax 
'lnnersearch for cs 
xl = xmin + 0.382 * (xmax - xmin) 
Cs=x1 
Outersearch 
dell = de1tm 
x2 = xmin + 0.618 * (xmax - xmin) 
Cs=x2 
Outersearch 
de12 = deltm 
For itrip = 1 To 12 
If dell < de12 Then 
xmax=x2 
x2=x1 
del2 = dell 
xl = xmin + 0.382 * (xmax - xmin) 
Cs=x1 
Outersearch 
dell = de1tm 
Else 
xmin=x1 
xl =x2 
dell = de12 
x2 = xmin + 0.618 * (xmax - xmin) 
Cs=x2 
Outersearch 
de12 =deltm 
End If 
Cells(l, 7) = itrip 'output of running time during run 
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Cells(3, 7) = Cs 'output of alphav during run 
Next itrip 
Cs = (xl + x2) / 2 
Outersearch 
End Sub 
Sub OutersearchO 'Innersearch for Lambda (reactive term in transport) 
xmin = lambdarnin 
xmax = lambdamax 
xl = xmin + 0.382 * (xmax - xmin) 
lambda = xl 
Errors 
dell = de1tm 
x2 = xmin + 0.618 * (xmax - xmin) 
lambda=x2 
Errors 
del2 =deltm 
For iout = I To 12 
If dell < del2 Then 
xmax=x2 
x2=xl 
del2 = dell 
xl = xmin + 0.382 * (xmax - xmin) 
lambda = xl 
Errors 
dell = deltm 
Else 
xmin=xl 
xl =x2 
dell = del2 
x2 = xmin + 0.618 * (xmax - xmin) 
lambda = x2 
Errors 
del2 = deltm 
End If 
Cells(4, 7) = iout 
Cells(2, 7) = deltm 
Cells( 5, 7) = lambda 
Next iout 
lambda = (xl + x2) / 2 
Errors 
End Sub 
Sub ErrorsO 'Compute RMS Error 
deltm=O 
For ierr = 1 To nn 
Prediction 'Use subroutine to predict Concentration as DO (mg/L) 
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delta(ierr) = concm(ierr) - concp(ierr) 
deltm = deltm + delta(ierr) 1\ 2 
Next ierr 
deltm = (deltm) 1\ 0.5 / nn 'Mean error 
End Sub 
Sub PredictionO 'Model goes here 
If zm(ierr) > 0 Then 'use z > 0 solution 
ErfPositive 
IntegralPositive 
earg = -lambda * x / v 
concp(ierr) = Cs * (Exp(earg) * erfparg + (1/3.14159) * intpositive) 
Else 'use z < 0 solution 
ErfNegative 
Integralnegative 
concp(ierr) = Cs * (erfnarg+ (1/3.14159) * intnegative) 
End If 
End Sub 
Sub ErfPositiveO 'Error function subroutine 
arg(ierr) = zm(ierr) / (2 * (alphav * x) 1\ 0.5) 
If arg(ierr) > 2.5 Then 'Use large argument approximation 
erfparg = 1 - 1 / 1.772 * Exp(-arg(ierr) 1\ 2) / arg(ierr) 
Else '8 point gauss quadrature here 
a=O 
b = arg(ierr) 
erfarg=O 
For Ierf= 1 To 8 
xi = (a + b) / 2 + (b - a) / 2 * ri(Ied) 
wi = (b - a) / 2 * al(Ierf) 
erfarg = erfarg + wi * 2 * Exp(-xi 1\ 2) / 3.1428 1\ 0.5 
Next Ierf 
erfparg = erfarg 
End If 'large positive if 
End Sub 
Sub IntegralPositiveO 
a = 0 'lower limit for error function 
b = x 'upper limit for error function 
d=O 
For Ierf= 1 To 8 
xi = (a + b) / 2 + (b - a) / 2 * ri(Ied) 
wi = (b - a) / 2 * al(Ied) 
d = d + wi * (Exp(-zm(ierr) 1\ 2 / (4 * alpha v * xi) -lambda * xi / v) / (xi * (x - xi)) 1\ 
0.5) . 
Next Ierf 
intpositive = d 
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End Sub 
Sub ErfNegativeO 'Error function subroutine 
arg(ierr) = -zm(ierr) 1 (2 * (alphav * x) 1\ 0.5) 
If arg(ierr) > 2.5 Then 'Use large argument approximation 
erfuarg= 1 - 1/1.772 * Exp(-arg(ierr) 1\ 2) 1 arg(ierr) 
Else' 8 point gauss quadrature here 
a=O 
b = arg(ierr) 
erfarg= 0 
For Ierf= 1 To 8 
xi = (a + b) 12 + (b - a) 12 * ri(Ierf) 
wi = (b - a) 12 * al(Ierf) 
erfarg = erfarg + wi * 2 * Exp(-xi 1\ 2) 13.14281\ 0.5 
Next Ierf 
erfuarg = erfarg 
End If 'large positive if 
End Sub 
Sub IntegralnegativeO 
a = 0 'lower limit for error function 
b = x 'upper limit for error function 
e=O 
ForIerf= 1 To 8 
xi = (a + b) 12 + (b - a) 12 * ri(Ierf) 
wi = (b - a) 12 * al(Ierf) 
e = e + wi * (Exp( -zm(ierr) 1\ 21 (4 * alphav * xi) -lambda 1 v * (x - xi» 1 (xi * (x -
xi» 1\ 0.5) 
Next Ierf 
intnegative = e 
End Sub 
Sub outputO 'Display input data and results 
Cells(7, 7) = deltm 
Cells(8, 7) = nn 
Cells(9, 7) = x 
Cells(10, 7) = alphav 
Cells(ll, 7) = cinf 
Cells( 12, 7) = zopt 
Cells(13, 7) = csmin 
Cells(14, 7) = csmax 
Cells(15, 7) = lambdarnin 
105 
Cells(16, 7) = lambdamax 
Cells(17, 7) = v 
For iout = 1 To nn 
Cells(iout + 1, 9) = concm(iout) 
Cells(iout + 1, 10) = zm(iout) + zopt 
Next iout 
Forjout= 1 To 100 
ierr = jout 
ZPGout) = -20 + jout * 0.5 
zmGout) = ZPGout) - zopt 
Prediction . 
CellsGout + 1, 11) = concpGout) 
CellsGout + 1, 12) = ZPGout) 
Nextjout 
End Sub 
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Sample 
Date 
1/11/2000 
1/24/2002 
1!?0/200, 
114/2007 
211912006 
II 
;/. 
3/18/2003 
330/2004 
3 16/2005 
3 1112006 
)7 
411712000 
4/1112002 
4121/2005 
4/2112005 
4/14/2007 
5/1212000 
5/2112002 
5/23/2003 
5/25/2004 
5/24/2005 
5/2512006 
5/12/2007 
61 
6/11!2002 
6/15/2003 
<, 
..§I24/2005 
~IR/700~ 
6/15/2007 
.1!1312004 
7/2112005 
7/2112005 
Monitoring Well BM 
DO Conductivity 
(mgfL) (uSfcm) WelllD 
BM 0.52 65 
BM 0.82 81 
BM 0.09 114 
BM 0.00 82 
BM 4.03 88 
BM 4.03 88 
~';---1~.~;;--t--;;;:7--~-
BM 2.4(j .44 
BM 1.60 87 
BM 3.28 152 
BM 5.01 110 
BM 2.34 47 
m1 NS 181 
BM 3.00 63 
B!I1 5.()1; 135 
BM 5.08 135 
B!I1 3.]'1 .772.. 
3M 1.65 85 
3M 6.82 86 
3M 4.74 85 
~ 3.03 75 
BM 5.20 118 
~ 2.09 112 
BM 1.26 80 
BM 5.60 231 
BM 5.60 231 
BM 0.37 .86 
BM 0.20 78 
BM 6.69 61 
BM 6.04 131 
BM 0.00 79 
BM 0.78 76 
BM 0.80 112 
BM NS NS 
BM 0.44 91 
BJ.1 6~ .71. 
BM 3.19 72 
B!I1 5,~ 130. 
BM 2.35 70 
BM 1.26 79 
BM 3.67 86 
BM 2.04 . 80 
BM 1.98 94 
BM 5.27 85 
BM 3.75 84 
BM 7.16 139 
BM 2.83 70 
BM 0.65 75 
BM 6.75 80 
BM 6.75 80 
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Sample 
Date 
7/16/2007 
8/14/20.01 
8/21/2002 
8/12/2004 
8124/2005 
8117/2006 
9/14/2000 
9117/2002 
9/18/2003 
9/15/2006 
10/29/1999 
l' )1 
1)/30/2003 
1 J/U./~uu, 
10/14/2006 
11/16/1')99 
l' 
1)/12/2002 
11/1112003 
11!11!2004 
11111/2004 
1 
12114/1999 
1217/2001 
121 
1..2f 5 
121212006 
DO Conductivity 
(mgfL) (uSfcm) WelllD 
BM 0.92 78 
BM 3.90 74 
BM 0.00 92 
BM 4.14 .85 
BM 4.40 161 
BM 2.93 69 
BM 0.10 75 
BM 3.42 73 
.1lM ~ 73 
BM 1.05 91 
BM 8.88 77 
BM 4.61 84 
BM 0.30 72 
BM 0.00 71 
BM 1.24 72 
BM 2.41 79 
BM 2.21 87 . 
BM 1.15 65 
BM 4.90 63 
BM 6.82 10'1. 
BM 3.70 90 
B11 1.00 .82 
.BN 1.0 77 
']\,I 5.~ 76 
BM 2.52 59 
BM 4 . .5:: .86 
BM 0.7, 67 
BM 4.8 .93 
BM 3.15 80 
BlY 5.0 118 
BlY 2.02 136 
BlY 0.54 93 
BM 1.80 . .5.r 
BM 0.13 92 
Sample 
Date 
1/2 l3 
04 
1/?OnOM 
1119/2006 
?ll?!?OO? 
)5 
2.19/2006 
3/16/200, 
31 1/200( 
31 1/200( 
4/1112002 
4. t1121 )5 
dlIA!?OO? 
51?~/?Om 
)j 
6/18/2001 
6/1112002 
6/15/2003 
61: 
6/24/2005 
6/15/2007 
IIlOILUUI 
Wel/ID 
BMa 
BMa 
BMa 
BMa 
BMa 
BMa 
BMa 
BMa 
BMa 
BMa 
BMa 
BMa 
BMa 
BMa 
BMa 
BMa 
BMa 
BMa 
BMa 
BMa 
BMa 
BMa 
BMa 
BMa 
BMa 
BMa 
8Ma 
8Ma 
8Ma 
8Ma 
BMa 
8Ma 
8Ma 
8Ma 
BMa 
BMa 
BMa 
a 
a 
a 
Ma 
8Ma 
8Ma 
8Ma 
8Ma 
a 
a 
a 
8Ma 
8Ma 
BMa 
8Ma 
DO 
(mg/L) 
0.86 
0.20 
0.00 
1.24 
0.25 
1.56 
0.47 
O. 
1. 
3. 
N 
0.52 
2.58 
.74 
).53 
,.57 
6.57 
0.00 
0.62 
0.15 
0.12 
1. 6 
0.71 
0.71 
0.96 
0.00 
15 
;6 
'2 
0.07 
0.50 
0.51 
0.35 
0.74 
0.40 
0.08 
0.73 
.3' 
.51 
.6: 
.73 
0.09 
0.53 
0.90 
3.46 
.0 
.7' 
'.5' 
0.28 
3.44 
0.42 
0.42 
Monitoring Well BMa 
Conductivity 
(uS/cm) 
361 
160 
169 
551 
442 
475 
133 
1153 
784 
352 
2490 
221 
293 
49, 
18! 
102 
102 
758 
48: 
88 
71 
1752 
503 
503 
391 
174 
767 
1111 
1409 
158 
642 
1724 
1648 
920 
743 
846 
258 
938 
1024 
1046 
383 
740 
1168 
434 
616 
616 
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Sample 
Date 
Q, )04 
9 
10/1912000 
1 
11 
1 
L 
L 
\115/2001 
L 
Iii 
\111112003 
1111112004 
L 
Wel/ID 
BMa 
BMa 
BMa 
BMa 
BMa 
BMa 
BMa 
BMa 
BMa 
BMa 
BMa 
:a 
'a 
:a 
BMa 
BMa 
BMa 
BMa 
BMa 
BMa 
BMa 
BMa 
BMa 
)6 Blv:a 
:a 
1217/20' 11 
12118/2003 
,. 04 
12117/2005 
:a 
:a 
BMa 
BMa 
BMa 
8Ma 
8Ma 
DO 
(mg/L) 
0.92 
0.63 
2.32 
0.60 
4.20 
1.0 
.\1 
I.W 
1.41 
0.29 
1.30 
0.76 
0.78 
0.85 
2.06 
2.06 
0.82 
2.1 
1.05 
0.81 
. 0.55 
0.55 
0.35 
0.65 
1.62 
M 
U5 
0.17 
0.88 
0.84 
1.78 
0.22 
Conductivity 
(uS/cm) 
127 
229 
631 
260 
603 
300 
277 
243 
169 
496 
141 
t79 
t79 
568 
292 
200 
232 
243 
243 
380 
284 
564 
4( 
1· 
l' 
134 
1430 
248 
286 
306 
395 
Sample 
Date WelllD 
Monitoring Well BMb 
DO Conductivity 
(mg/L) (uS/cm) 
Sample 
Date 
111 
WelllD DO Conductivity (mg/L) (uS/cm) 
Well ID DO (mg/L) 
Monitoring Well BMc 
Conductivity 
(uS/cm) 
Sample 
Date 
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Well ID DO (mg/L) 
Conductivity 
(uS/cm) 
Sample 
Date 
Well 
ID 
DO 
(mg/L) 
Monitoring Well BMf 
Conductivity 
(uS/cm) 
Sample 
Date 
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Well 
ID 
DO 
(mg/L) 
Conductivity 
(uS/cm) 
Sample 
Date 
111112000 
11l>I.<vvO 
)7 
211212002 
2/2112007 
3/18/2003 
3/16/2005 
3/1112006 
11: 
4/17/2000 
41111?00? 
4 
4 
4/14/2007 
511212000 
5121/2002 
O/.<>I.<VVV 
)] 
6111/2002 
6/15/2003 
)4 
6/15/2007 
7/19/2000 
7/10/2003 
Well 
ID 
BMg 
BMg 
BMg 
BMg 
BMg 
BMg 
BMg 
BMg 
BMg 
BMg 
BMg 
BMg 
BMg 
BMg 
BMg 
BMg 
BMg 
BMg 
BMg 
BMg 
BMg 
BMg 
BMg 
BMg 
~: 
BMg 
BMg 
~ 
BMg 
BMg 
BMg 
~ 
BMg 
BMg 
BMg 
BMg 
BMg 
BMg 
BMg 
~ 
BMg 
BMg 
BMg 
BMg 
BMg 
BMg 
DO 
(mg/L) 
7.14 
10.10 
7.90 
0.00 
9.38 
6.91 
8.67 
4.77 
9.56 
8.29 
NS 
7.20 
13.73 
NS 
NS 
7.45 
11.72 
7.50 
5.88 
5.16 
10.85 
9.05 
7.73 
8.85 
3.81 
3.81 
6.91 
8.82 
0.52 
0.11 
7.28 
7.28 
10.31 
10.31 
4.88 
4.33 
2.81 
0.32 
0.00 
7.01 
8.14 
10.40 
9.72 
7.99 
7.99 
6.29 
7.02 
9.14 
6.80 
4.80 
11.58 
7.17 
Monitoring Well BMg 
Conductivity 
(uSkm) 
69 
99 
99 
156 
156 
84 
78 
46 
75 
98 
NS 
135 
104 
72 
72 
64 
78 
228 
91 
150 
105 
76 
78 
94 
398 
398 
104 
264 
121 
70 
65 
65 
104 
104 
82 
241 
230 
95 
o 
66 
86 
03 
82 
107 
107 
145 
718 
82 
66 
18 
99 
85 
Sample 
Date 
7/13/2004 
7/21/2005 
6/1512007 
o 
8/14/2001 
9/14/2000 
)/2312004 
9/15/2006 
10/2911999 
10/19/2000 
10/812002 
10/1412006 
11116/1999 
1 ' 
I 
11. 
11112/2002 
1111112003 
11111/2004 
II 
1111112006 
121712001 
116 
Well 
ID 
BM. 
BM. 
BMg 
BMg 
BM. 
BMg 
BM. 
BMg 
BMg 
BMg 
BMg 
BMg 
BMg 
BM. 
BMg 
~ 
BM. 
BMg 
BMg 
BMg 
BMg 
BM. 
BM. 
BMg 
BM. 
BMg 
BM. 
BMg 
BM. 
BMg 
BM. 
BMg 
BMg 
BMg 
BMg 
BMg 
BMg 
BMg 
BM. 
BMg 
BMg 
BMg 
BMg 
BM. 
DO 
(mglL) 
0.12 
1.65 
9.19 
9.19 
9.14 
5.98 
0.00 
3.29 
7.50 
4.70 
9.24 
9.24 
2.16 
0.82 
8.07 
3.76 
9.55 
0.00 
5.45 
7.34 
10.20 
10.20 
10.88 
3.33 
9.25 
9.25 
9.31 
4.02 
4.93 
9.70 
12.85 
8.08 
6.94 
8.26 
8.26 
8.01 
3.37 
5.15 
6.57 
2.50 
6.95 
7.83 
6.81 
9.00 
3.10 
0.53 
7.55 
8.92 
Conductivity 
(uSkm) 
97 
123 
125 
125 
78 
64 
72 
105 
97 
97 
117 
17 
119 
115 
85 
108 
98 
103 
13 
136 
84 
l4 
'7 
17 
14 
14 
155 
133 
206 
152 
86 
70 
77 
95 
95 
124 
137 
142 
136 
82 
78 
69 
77 
130 
127 
165 
70 
88 
117 
BI. Well Cluster BO. 
118 
Monitoring Well BO 
Sample Wel/IO DO Conductivity Sample Wel/IO DO Conductivity Date (mg/L) (uS!cm) Date (mg/L) (uS/cm) 
1111/2000 BO 5.14 68 BO 8.03 58 
1. BO ,.56 72 11>17007 BO 5.37 53 
1/21/2003 BO .19 212 BO 0.00 64 
04 BO 0.00 103 8/14/2001 BO 0.87 76 
1/?onOO, BO 2.03 94 8/21/2002 BO 1.08 71 
111912006 BO 2.68 82 8/21/2002 BO 1.08 71 
BO 7.95 62 BO 0.50 77 
?/10nooo BO 3.15 51 BO 0.50 77 
2/1212002 BO 2.11 75 8112/2004 BO 0.14 76 
BO 5.01 172 8/24/2005 BO 1.87 80 
?I??/?OO, BO 1.75 81 8/\ BO 5.54 67 
2119/2006 BO 3.74 45 BO 3.15 70 
BO NS 92 ~/ l//~VVJ BO 0.51 76 
V'OI?OOO BO 2.68 72 ~1l11.l.VVL. BO 1·91 66 
BO 1.98 72 BO 0.54 77 
3/18/2003 BO 4.36 214 BO 0.54 77 
515V1~004 BO 1.52 81 9/2"1/2004 BO 4.35 72 
311612005 BO 1.10 80 BO 2.53 81 
3/1112006 BO 6.14 82 9/15/2006 BO 7.52 54 
~22./2()07 BO 5.50 86 10/29/1999 BO 6.86 59 
4117/2000 BO 0.99 60 lOll BO 0.60 79 
4/1112002 BO :.06 73 10/: BO 0.10 74 
4/23/2003 BO ,.50 107 J( BO 1.28 68 
BO .22 82 BO 0.72 73 
4/2112005 BO '.31 77 101 BO 2.15 80 
BO 1.44 18 BO 5.08 80 
41141?007 BO 1.55 65 10/14/2006 BO 10.55 79 
5. mOflo BO 0.90 72 1111611999 BO .84 54 
BO 1.34 78 1111611999 BO >.84 54 
BO 1.20 91 1 BO 5.33 105 
BO 1.70 82 11/5/200 BO 0.44 74 
5/24/2005 BO 1.45 78 1111212002 BO 0.00 75 
BO '.10 75 1111112003. BO 0.35 72 
<;/?5i?OOI> BO 0.10 75 1111112004 BO 1.77 60 
5/1212007 BO 5.82 66 11/iYI~vv' BO 1.47 82 
511212007 BO 5.82 66 1111112006 BO 5.50 76 
6/ BO 1.09 60 11/11/2006 BO 5.50 76 
BO 1.09 60 12114/1999 BO 0.20 71 
611812001 BO 1.59 72 BO 5.88 137 
6111/2002 BO 0.96 84 121712001 BO 0.70 61 
6115/2003 BO 0.11 84 BO 5.50 246 
61 BO 3.49 70 BO .15 93 
6/24/2005 BO .13 :0 BO 0.67 78 
BO 6.32 '1 BO 2.38 50 
6/15/2007 BO 7.65 :6 1 BO 4.77 7: 
IIlYIL.VVV BO 1.01 61 
BO 1.00 79 
BO 2.92 85 
IIIVIL.VV5 BO 1.90 76 
BO 1.90 76 
BO 0.72 77 
BO 2.37 80 
119 
Sample 
Date 
111112000 
1119/2C 
114/20< 
211012000 
211212002 
212212005 
2/19/2006 
)J?~I?007 
;1: :121 
3/1612005 
3/16/2005 
31l1lLVVO 
4. II: 12 
4/21/2005 
4/14 :0117 
51 :0110 
5/2112002 
51; 
5/25/2006 
5/12/2007 
M"i?OO1 
6/1112002 
15/2003 
6/2412005 
611512007 
7119/2000 
7110/2001 
7/13/2004 
Well ID 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
Oa 
Oa 
Oa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
DO 
(mg/L) 
1.09 
1.20 
0.62 
O. 
1. 
O. 
0.98 
3.40 
1.34 
0.33 
0.33 
0.97 
0.93 
0.93 
NS 
0.35 
O. 
O. 
O. 
0.48 
0.48 
5.82 
0.40 
0.49 
0.06 
1.70 
'.15 
1.41 
0.52 
0.35 
0.32 
1.03 
0.08 
0.50 
0.48 
0.85 
0.26 
0.23 
0.39 
0.22 
0.22 
0.41 
0.84 
0.86 
0.53 
0.71 
0.71 
1.47 
0.D7 
Monitoring Well BOa 
Conductivity 
(uS!cm) 
262 
384 
233 
329 
11)7 
269 
378 
199 
363 
594 
594 
108 
689 
689 
502 
494 
349 
02 
35: 
1462 
1462 
1034 
7: 
2409 
812 
'2 
01 
09 
264 
510 
1518 
1124 
625 
1126 
232 
301 
179 
592 
778 
634 
634 
213 
726 
153 
589 
159 
159 
650 
640 
120 
Sample 
Date 
1 ~I?004 
71 ,/2 17 
8114/2001 
8114/2001 
8/2l/?Om 
~i?li?Om 
II: :004 
" 8/17/2006 
8/17/2006 
14i?OOO 
91141; 100 
9/171 101 
9/17/: 102 
911812003 
91L'+1 LVU' 
9/151; 106 
1 
11 
11, 
11. 
11I5J:W01 
1 
1 11,2003 
1 11,2004 
11. 
11, 
1111112006 
12 01 
1 
Well ID 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
BOa 
I· BOa 
DO 
(mg/L) 
0.07 
0.77 
1.22 
3.02 
1.7: 
0.27 
0.27 
..47 
1.08 
1.60 
0.00 
0.00 
0.48 
0.48 
0.30 
0.91 
4.60 
1.77 
4.37 
.0.57 
14 
0.71 
0.77 
1.06 
0.91 
0.57 
0.23 
iO 
i2 
II 
1.01 
0.32 
0.77 
'1 
16 
is 
o '9 
0.34 
1.02 
3.64 
0.90 
Conductivity 
(uS/cm) 
640 
1309 
576 
241 
603 
503 
741 
741 
419 
419 
501 
896 
4' 
3 
31 
469 
469 
509 
305 
512 
383 
771 
582 
359 
378 
517 
517 
349 
354 
412 
14 
5' 
533 
561 
333 
49 
89 
366 
187 
)9 
)6 
11 
1· ·95 
1495 
664 
51 
502 . 
Sample 
Date 
111112000 
1. 121 16 
20 
114/2007 
2110/2000 
2/1212002 
?1?3!2007 
WelllD 
BOb 
BOb 
BOb 
3C 
3C 
3C 
BOI 
BOb 
BOb 
B()b 
BOb 
BOb 
BOb 
BOb 
BOb 
BOb 
Be 
Be 
Be 
04 BOb 
3/1112006 
3/1112006 
4/1112002 
41?1i?00'i 
nOn? 
'ii?SI?004 
5, 
", 
6/18/2001 
6/1L2002 
D4 
il151 007 
7/19/2000 
7ill1i?Om 
BOb 
BOb 
BOb 
BOb 
BOb 
BOb 
BOb 
BOb 
BOb 
BOb 
BOb 
BOb 
BOb 
BOb 
BOb 
Be 
Be 
Be 
BOb 
BOb 
Be 
Be 
Be 
BOb 
BOb 
BOb 
BOb 
BOb 
BOb 
BOb 
BOb 
BOb 
DO 
(mg/L) 
0.79 
0.90 
0.73 
0.0 
1.2 
0.0 
1.4: 
1.42 . 
0.36 
0.33 
1.37 
1.91 
1.91 
.01 
NS 
NS 
0.39 
0.46 
0.65 
0.70 
0.46 
5.7 
5.74 
0.10 
0.28 
1.28 
.0.32 
0.36 
0.45 
0.08 
0.42 
0.11 
0.28 
0.00 
0.37 
0.32 
0.82 
0.09 
0.50 
0.38 
0.65 
1.25 
o 
I.C 
1 0 
0.68 
0.60 
0.34 
0.34 
0.54 
0.98 
Monitoring Well BOb 
Conductivity 
(uS/cm) 
210 
262 
189 
:85 
285 
169 
398 
398 
316 
567 
559 
2297 
1250 
230.8 
231 
223 . 
1026 
1026 
238 
453 
2710 
886 
346 
1998 
205 
579 
349 
1098 
1592 
547 
1534 
25: 
295 
189 
563 
648 
940 
435 
745 
502 
711 
711 
180 
1100 
121 
Sample 
Date 
71J"11?004 
712112005 
71 17 
7 17 
8.14/2001 
8/2112002 
8/l >n004 
17/2006 
14/2000 . 
>il/lLVVL 
9/15/2006 
9/1:;/2006 
1012911999 
1011 
10/26/2001 
" 
)/14/2006 
1/16/1999 
1111112003 
1111112004 
111 
1111112006 
12114/1999 
12115/2000 
1217/2001 
12119/2002 
12/18/2003 
1 ?1?i?00,; 
WelllD 
BOb 
BOb 
BOb 
BOb 
BC 
BC 
BC 
BC b 
BOb 
BOb 
BOb 
B( 
B( 
B( 
BOb 
BOb 
BOb 
BOb 
BOb 
BOb 
BOb 
BOb 
BOb. 
BOb 
BOb 
BOb 
BOb 
BOb 
BOb 
BOb 
BOb 
BOb 
BOb 
BOb 
BOb 
BOb 
BOb 
BOb 
BOb 
BOb 
BC 
BC 
BO 
BOb 
BOb 
BOb 
BOb 
DO 
(mg/L) 
0.16 
0.78 
1.09 
2.97 
2.97 
0.00 
0.56 
0.23 
1.41 
0.07 
0.58 
o 
o. :2 
0.72 
0.72 
4.40 
1.01 
0.96 
0.96 
054 
1.5' 
1.4. 
1.2( 
0.00 
0.70 
0.58 
0.68 
2.14 
12 
iO 
0.55 
).28 
O. 0 
o. 
o. 
0.12 
0.44 
0.20 
0.00 
0.44 
0.34 
0.71 
3.87 
0.24 
Conductivity 
(uS/cm) 
1138 
379 
253 
25, 
251 
520 
755 
160 
451 
736 
_539 
41 
415 
415 
327 
1083 
586 
586 
624 
624 
. 302 
365 
574 
301 
375 
701 
215 
539 
267 
494 
644 
334 
44: 
221 
121 
602 
290 
471 
319 
307 
306 
717 
176 
532 
Sample 
Date 
111112000 
114/2007 
2/1212002 
3116/2005 
3/1112006 
~. 
4117/2000 
4/J/2002 
4/?1I?OO, 
4/14/2007 
5/21/20 
.212007 
8/2001 
6/11/2002 
<l1'i/2007 
7/19/2000 
7/1312004 
7!?1 !?OO, 
7/1~/2007 
Well ID 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
DO 
(mg/L) 
0.57 
0.73 
0.56 
0.00 
10 
:2 
17 
O .• 9 
0.33 
0.33 
0.44 
0.86 
1.41 
NS 
0.51 
0.38 
0.74 
0.87 
0.55 
5.58 
0.14 
0.26 
0.29 
0.34 
0.42 
0.06 
0.45 
0.12 
O. 
O. 
O. 
0.35 
0.03 
>'76 
0.07 
).48 
.34 
).47 
0.25 
0.15 
0.32 
0.08 
0.19 
0.65 
0.52 
0.48 
0.63 
0.15 
0.69 
1.03 
2.88 
0.00 
Monitoring Well BOc 
Conductivity 
(uS/cm) 
165 
256 
350 
1966 
1966 
319 
552 
398 
133 
252 
289 
881 
509 
412 
950 
663 
525 
18n 
21:2 
2(.6 
335 
1339 
1180 
292 
2005 
938 
183 
1506 
332 
256 
3. 
3. 
7, 
762 
847 
476 
'6 
199 
5 
687 
790 
812 
4: 
8 
3( 
713 
268 
782 
978 
392 
132 
536 
122 
Sample 
Date 
Ri?1 noo? 
OO( 
OO( 
911412000 
~/ 'UL 
9118/: 003 
9/15/2006 
11 6 
1 
11, 
11, 
1115/2001 
11, 
004 
1/1<!?OOO 
1211411999 
ILI//LUUI 
12119/2002 
1211812003 
1211812003 
)4 
l' 
1211712005 
Well JD 
BOc 
BOc 
30c 
30c 
30c 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
BOc 
IC 
IC 
Ic 
BOc 
BOc 
BOc 
BOc 
30c 
30c 
30c 
BOc 
BOc 
BOc 
BOc 
BOc 
DO 
(mg/L) 
0.56 
0.20 
18 
)7 
15 
0.49 
0.49 
0.43 
0.66 
1.74 
.30 
.. 03 
1.01 
0.43 
0.38 
0.12 
0.00 
0.68 
0.34 
0.68 
2.15 
0.83 
0.21 
0.00 
0.00 
0.44 
0.27 
0.27 
0.43 
0.4, 
o. 
o. 
0.23 
0.55 
).00 
0.25 
0.35 
0.35 
0.59 
0.59 
2.23 
0.12 
0.12 
Conductivity 
(uS/cm) 
533 
398 
709 
837 
555 
568 
568 
418 
208 
155 
838 
442 
384 
214 
274 
317 
o 
8 
8 
53 
. 319 
433 
495 
215 
215 
620 
230 
230 
428 
506 
308 
228 
4 
4: 
4: 
455 
455 
3(8 
5(8 
5(8 
Sample 
Date 
1/1112000 
1124/2002 
114/2007 
?!?1I2007 
3/18/2003 
3/1112006 
" 
4/11,2002 
04 
"!?1. ?oo< 
<, 
5/12/2007 
o 
5/18/2001 
611112002 
hI1l1?OO? 
6,15,2003 
~11 ')/2007 
7!?~!?OOl 
711012003 
7/n!?OM 
Well JD 
BO, 
BO, 
BO, 
BO, 
Bad 
Bad 
Bad 
Bad 
Bad 
BO, 
BO, 
BO, 
Bad 
Bad 
Bad 
Bad 
Bad 
Bad 
Bad 
Bad 
Bad 
Bad 
Bad 
Bad 
Bad 
Bad 
Bad 
Bad 
Bad 
Bad 
Bad 
Bad 
Bad 
Bad 
BOi 
BO, 
BO, 
Bad 
Bad 
Bad 
Be 
Be 
Be 
Bad 
Bad 
Bad 
Bad 
Bad 
BOd 
BOd 
Bad 
BOd 
DO 
(mg/L) 
0.30 
0.65 
54 
)0 
17 
0.09 
0.62 
0.32 
0.32 
0.36 
0.41 
0.87 
1.26 
NS 
0.51 
0.34 
0.67 
0.88 
0.52 
5.60 
0040 
0.24 
1.21 
1.3: 
,7 
0.08 
0.15 
0.13 
0.16 
0.00 
0.00 
0040 
0.28 
0.79 
0.79 
.38 
0048 
0.32 
0.50 
0.28 
0.28 
0.13 
0.29 
0.10 
0.67 
0.63 
0048 
0048 
0.39 
0.51 
0.76 
0.07 
Monitoring Well BOd 
Conductivity 
(uS/cm) 
90 
383 
453 
306 
106 
106 
190 
321 
271 
371 
388 
698 
276 
257 
1949 
1027 
1139 
646 
1197 
1438 
479 
772. 
2 
3 
3 
456 
268 
1033 
1033 
34 
74 
243 
742 
474 
593 
188 
1533 
502 
368_ 
131 
131 
214 
435 
1050 
178 
123 
Sample 
Date 
7 2007 
8/2112002 
~/[7/2002 
9/18/2003 
9,151; 16 
10/29/1QQQ 
10/2911999 
10/1912.0.22. 
261200 
" 
" 
1 0, I "nOOn 
101 11201 
11 19! 
11 "!?OOl 
11/1?nOO? 
1111112003 
Iii 1112004 
1 
1111112006 
12/14/1999 
1211411999 
121 i/?C 
1: 
121 
1 
WelllD 
Bad 
BO, 
BO, 
BO, 
Bad 
Bad 
Bad 
Bad 
Bad 
BO, 
BO, 
BO, 
Bad 
Bad 
Bad 
BO, 
BO, 
BO, 
Bad 
Bad 
Bad 
Bad 
Bad 
Bad 
Bad 
Bad 
Bad 
Bad 
Bad 
Bad 
Bad 
Bad 
Bad 
Bad 
Bad 
Bad 
Bad 
Bad 
Bad 
Bad 
Bad 
Bad 
Bad 
Bad 
Bad 
Bad 
DO 
(mg/L) 
1.02 
112 
2. :2 
0.10 
0.54 
0.12 
:.07 
0.10 
,0.3 
O. 
0.3 
OS 
1048 
0.48 
4040 
1 ~' 
1 
o. 
0.30 
0.30 
0.'1. 
o,()< 
0.6: 
0.37 
0.68 
1.89 
0.84 
0.84 
0.00 
0.14 
0040 
0.26 
0047 
0.44 
0.62 
0.17 
0043 
0.43 
.1 
1.01 
1.2' 
0.24 
10.51 
0.57 
1.38 
0.13 
Conductivity 
(uS/cm) 
225 
225 
1:!7 
J:!2 
163 
186 
683 
682 ' 
392 
4113 
1 0 
5: 0 
109 
109 
374 
726 
974 
836 
193 
193 
468 
, 702 
204 
418 
659 
181 
426 
601 
268 
305 
456 
424 
554 
270 
270 
221 
189 ' 
390 
390 
424 
753 
189 
455 
Monitoring Well BOe 
Sample WelllD DO Conductivity Sample WelllD DO Conductivity Date (mg/L) (uS!cm) Date (mg/L) (uS!cm) 
111112000 BOe 0.34 131 7/13/: )4 BOe 0.13 
1111/2000 BOe 0.34 131 BOe 0.61 
I. BOe 52 147 BOe 3.84 
1/21 tOO3 BOe 72 444 ilI)e 5.13 73 
1/201: .004 BOe )0 669 0 BOe 0.00 139 
BOe .18 281 8/14/2001 BOe 0.56 321 
1, 6 BOe 0.05 323· 8/211?OO? BOe 0.53 154 
1, '6 BOe 0.05 323 BOe 1.54 196 
1/412007 BOe 3.55 296 8/1212004 BOe 0.10 849 
BOe 2.88 44 -BOe 0.18 303 
BOe 0.55 194 6 BOe 6040 256 
BOe 0.60 221 BOe 0.44 170 
,"" BOe 0.90 175 )j BOe 0.57 385 
'6 BOe 1.04 225 ~II BOe 123 
'6 BOe 1.04 BOe 153 
BOe IS BOe 12 680 
BOe 08 ;5 . BOe 49 1060 
BOe 60 351 6 BOe 5043 275 
3118/2003 BOe 0.76 310 TOI?QllQQQ BOe 0.35 321 
D4 BO-"- 0.92 2058 10/1912000 BOe 0.11 438 
31161200 BOe 1.56 945 1 BOe 0.00 4 
3/11/200 BOe ;.Q2 143 BOe 0.62 2 
BOe 1043 462 11 BOe 0.74 -1 
BOe 0043 462 I, BOe 0.72 461 
BOe 0.19 37 BOe 492 
. 411112002 B( )e 0.24 4 101 14, BOe 462 
B( )e 16, 30e 2, 
BOe r 3 30e 0.13 2' 
4 BOe 971 30e 0.13 2' 
", BOe 4. 135 1'1<I?OO1 BOe 0.39 54 
BOe 0.18 1717 1'11? I?OO? BOe 0.34 212 
BOe 0.10 276 1111112003 BOe 0040 409 
<l?lI?om BOe 0.37 355 11/11/2004 BOe 0.53 341 
<, BOe 0.35 249 11119/2005 BOe 0.91 549 
51 BOe 0.58 262 1111112006 BOe 3.86 274 
D4 BOe 0.58 262 12114/1999 BOe 0.20 134 
<I BOe 0.78 835 11.I1"ZUUU BOe 0.20 275 
""I?OO'; BOe 0.08 597 BOe 0.00 268 
BOe 0.54 209 12, 19/2002 30e 0.23 277 
BOe 0.30 159 12 18/2003 30e 0.77 306 
6 1812001 BOe 0.34 309 1: 30e 0.84 364 
611112002 BOe 0.25 456 .211712005 BOe 2.16 468 
m<;l?om BOe 0.27 808 1?I?I?OOh BOe 0.26 466 
h' "I?OO, BOe 0.27 808 
hl??1?004 BOe 0.17 1403 
h' BOe 0.17 1403 
hI?4I?OO<; BOe 0.10 761 
BOe 0.56 427 
6/15/2007 BOe 0.63 861 
711912000 BOe 0.25 125 
BOe 0.62 853 
BOe 0.85 545 
124 
Sample 
Date 
I. 11.'2000 
'20( 
'20( 
1120/2004 
I. 
1119/2006 
1/4/2007 
210/2' 0 
21212' 
2119/2006 
:f2( )3 
12( )5 
3/11/2006 
3/11/2006 
4/1112002 
4/23/2003 
4/20l?004 
4120l?OM 
5/1:21 10 
<101, nO? 
<, 
61 
6/11/2002 
6/15/2007 
7/11/100< 
WelllD 
Be 
B( 
BOf 
BOf 
BOf 
BO: 
BO: 
BO: 
BOf 
BOf 
BOf 
BOf 
BOf 
Be 
Be 
Be 
BOf 
BOf 
BOf 
BOf 
BOf 
BOf 
BOf 
BOf 
BOf 
Be 
Be 
Be 
BOf 
BOf 
BOf 
BOf 
BOf 
BOf 
BOf 
BOf 
BO 
Be 
Be 
BOf 
BOf 
BOf 
BOf 
BOf 
BOf 
BOf 
BOf 
BOf 
BOf 
BOf 
DO 
(mg/L) 
0.00 
1.16 
0.22 
.. 76 
.15 
.32 
1.52 
0.52 
6.34 
NS 
1. I 
,3 
:3 
:9 
1.48 
8.44 
8.44 
0.33 
0.19 
0.29 
0.32 
0.45 
0.45 
0.05 
6.13 
0.16 
0.08 
0.38 
).38 
0.60 
0.72 
3.43 
4.40 
0.30 
O. 
O. 
O. 
0.18 
0.08 
1.48 
8.08 
0.21 
0.55 
0.62 
0.70 
0.07 
0.62 
0.62 
Monitoring Well BOr 
Condueuvity 
(uS/em) 
)4 
1214 
224 
168 
326 
)5 
178 
185 
19J 
1575 
12 
86 
13' 6 
80 
248 
248 
1858 
501 
164 
266 
1715 
1715 
972 
12S 
1689 
183 
398 
242 
252 
1287 
370 
151 
166 
345 
H 
1<149 
1562 
416 
525 
31 
I. 
4' 
527 
281 
1327 
231 
231 
125 
Sample 
Date 
Rl?lI?OO? 
9118/2003 
Q 
15/20 
I 129/1 9 
I 
I 
I 
1I/5/: ,O( 
JJ, 
11/1112003 
11/1112004 
II, 
11/1112006 
121712001 
12119/2002 
12118/2003 
1: 
I? I?Ol?004 
12/17/2005 
12/17/2005 
WelllD 
BOf 
BOf 
BOf 
BOf 
BOf 
BOf 
BOf 
BOf 
BOf 
BOf 
BOf 
BOf 
BOf 
BOI 
Be 
Be 
Be 
BOf 
BOf 
BOf 
BOf 
BOf 
BOf 
BOf 
BOJ 
BOI 
BOI 
BOI 
BOf 
BOf 
BOf 
BOf 
130f 
BOf 
BOf 
BOf 
BOf 
BOf 
BOf 
BOf 
BOf 
BOf 
BOf 
BOf 
DO 
(mg/L) 
5.31 
0.00 
0.63 
0.63 
0.49 
1.35 
0.09 
1.4 
U 
1.3 
0.55 
0.91 
0.55 
0.96 
:3 
15 
15 
0.10 
0.00 
0.60 
0.82 
0.82 
0.71 
2.23 
;.60 
;.60 
.14 
.12 
0.33 
0.02 
).39 
0.52 
1 7 
L64 
O. 9 
0.00 
0.39 
0.21 
LOO 
0.79 
0.79 
2.30 
2.30 
L05 
Condueuvity 
(uS/em) 
167 
229 
634 
634 
171 
173 
493 
51 
I· 
2: 
181 
120 
129 
383 
350 
490 
185 
54( 
54( 
421 
517 
48 
48 
2 
I 
470 
177 
436 
320 
512 
309 
120 
165 
374 
430 
252 
370 
370 
1:;9 
41;2 
Sample 
Date 
1/1112000 
1 
'21/20· 
1. 
2.12.2002 
2. DOl 
V1OI?000 
3/18/2003 
4/17/2000 
4/1112002 
4/: 
41: 
41LU/L004 
M?lI?OO, 
41141: 007 
5/12/: 000 
5/21/: 002 
5/24/2005 
5/12/2007 
Ii. I Rnom 
6/24/2005 
6/15/2007 
7/19/2000 
7/26/2001 
7/Jo/?om 
7/1312004 
WelllD 
BOg 
BOg 
)g 
)g 
)g 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg' 
BOg 
BOg 
BOg 
BOg 
BOg 
SOg 
SOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
DO 
(mg/L) 
5.77 
7.76 
.96 
1.00 
.17 
2.41 
8.67 
9.12 
0.3 
1.22 
NS 
1.78 
0.62 
0.83 
0.88 
0.52 
8.71 
1.2: 
.J( 
.3( 
0.31 
0.31 
0.72 
0.72 
0.11 
4.43 
1.20 
.13 
1.45 
0.43 
0.63 
1.04 
1.02 
5.93 
0.28 
0.30 
1.2 
1.2' 
0.30 
0.20 
0.42 
4.30 
0.25 
0.47 
0.63 
0.60 
0.20 
4.37 
Monitoring Well BOg 
Conductivity 
(uS/cm) 
98 
125 
9 
118 
245 
152 
152 
1 ;2 
1· .s 
1253 
69 
201 
2059 
828 
984 
1366 
483 
129 
.60 
55 
)4 
302 
302 
1713 
1713 
377 
98 
?:95 
25 
38 
197 
219 
732 
577 
180 
302 
323 
323 
1"7 
254 
685 
1574 
462 
1007 
139 
490 
264 
287 
853 
282 
126 
Sample 
Date 
7/16/2007 
8/14/20( 
8/2112002 
811212004 
8/171: 
9/14/: 
9/17/: 
9117120 
9118120 l3 
91 
10/29/1999 
10119/2000 
10n <no01 
1010nOO? 
11 
11 
1111<11000 
I?nom 
11?004 
1111112004 
11119/2005 
1111112006 
12114/1999 
1211512000 
,., 11 OnM? 
12/18/2003 
12171 ·5 
WelllD 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
BOg 
DO 
(mg/L) 
5.4 
0.01 
0.51 
0.53 
4.76 
0.12 
9.03 
9.03 
7. 
O. 
O. 
O. '2 
2.16 
0.97 
3.94 
7.96 
6.90 
0.12 
0.00 
4.18 
1.9: 
'.7 
..3' 
11.14 
7.83 
0.12 
0.36 
0.90 
4.58 
0.44 
0.44 
3.51 
8.73 
1.09 
0.00 
0.48 
0.48 
0.27 
0.81 
0.7( 
4.7: 
6.7' 
Conductivity 
(uS/cm) 
84 
121 
236 
122 
106 
J45 
281 
281 
35( 
IH 
754 
141 
95 
133 
634 
134 
245 
340 
475 
344-
82 
224 
470 
108 
364 
258 
258 
482 
186 
107 
143 
265 
265 
208 
240 
01 
08 
:18 
WelllD WelllD 
127 
B3. Well Cluster BC. 
128 
Sample 
Date 
1/1112000 
1/; 
112012005 
1119/2006 
114/2007 
2110/2000 
2/22/2005 
7/1312004 
3/30/2000 
3/1612005 
3/1112006 
3/11/2006 
4/1112002 
4i?'/?OO' 
4mnoo<; 
5/1212007 
6/18/2001 
n/llno02 
nl?71?004 
6/15/2007 
7/1912000 
II?OO1 
7/13/2004 
7/21/2005 
WelllD 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
Be;" 
BCa 
BCa 
BCa 
BCa 
BC 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
DO 
(mg/L) 
0.56 
0.6 
0.9 
0.4 
0.25 
0.76 
4.39 
0.58 
0.05 
0.02 
2.00 
0.35 
2.05 
2.95 
0.80 
0.36 
0.53 
5.48 
0.64 
0.52 
1.52 
.16 
).20 
0.59 
0.58 
0.77 
0.12 
1.08 
0.27 
0.18 
0.00 
7.80 
1.05 
0.06 
0.06 
2.09 
0.20 
5.44 
3.14 
0.47 
0.48 
0.23 
0.04 
0.06 
0.21 
2.61 
0.51 
0.51 
1.17 
0.38 
0.17 
1.30 
Monitoring Well BCa 
Conductivity 
(uS/cm) 
29~ 
17: 
751 
2220 
33: 
1756 
197 
1230 
2786 
3985 
NA 
327 
467 
2354 
2429 
3469 
4294 
3394 
1042 
1042 
295 
308 
1029 
1907 
3990 
1105 
3854 
1103 
725 
300 
2807 
1178 
651 
651 
862 
227 
337 
98 
181 
1113 
939 
447 
138 
168 
305 
609 
609 
159 
650 
838 
686 
129 
Sample 
Date 
./QI?OOO 
8/1412001 
9/18/2003 
QIl<;nOOn 
10/2911999 
10/2911999 
IO/.I?Om 
10/14/2006 
11, 
11. 
1115/2001 
111 
1111112003 
1111112004 
11119/2005 
11/1112006 
12114/1999 
2119/2002 
12118/2003 
04 
12117/2005 
WelllD 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
B~ 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
BCa 
DO 
(mg/L) 
1.01 
0.20 
0.00 
0.00 
0.68 
0.21 
1.71 
0.70 
1.68 
1.56 
0.85 
0.67 
0.54 
0.17 
0.21 
2.02 
0.42 
0.42 
0.76 
0.76 
1.34 
0.64 
0.34 
0.94 
0.81 
0.29 
0.86 
1.23 
0.88 
0.27 
. 0.00 
0.82 . 
0.92 
3.46 
3.83 
0.85 
0.68 
0.77 
1.24 
1.95 
1.95 
0.30 
2.42 
3.79 
Conductivity 
(uS/cm) 
18: 
23' 
24' 
249 
454 
112 
652 
702 
1004 
878 
190 
321 
339 
674 
122 
485 
648 
648 
167 
1 
1 
3 
95 
508 
96 
69 
;85 
.32 
96 
293 
96 
421 
63 
65 
9 
11 
297 
95 
185 
185 
128 
300 
119 
Sample 
Date 
11: 112000 
14/2007 
2112/2002 
3,18/2003 
D4 
3116/2005 
3/11/2006 
4, 
4, ,112002 
d1?0/2004 
dl?1 i?OOS 
4/14/2007 
2000 
04 
Si?di?OOS 
5/ 
5112/200' 
hilRi?OOI 
Ii 111?00? 
iii 15I?Om 
6 241 15 
61151 17 
6/15/2007 
7/19/2000 
7/1 Q I?OOO 
7/26/2001 
7/10/2003 
WelllD 
BCc 
BCc 
BCc 
~c 
~c 
~c 
~c 
BCc 
BCc 
BCc 
Bec 
Bec 
BCc 
BCc 
BCc 
BCc 
BCc 
BCc 
BCc 
BCc 
BCc 
BCc 
Bee 
BCc 
BCc 
BCc 
BCc 
BCc 
BCc 
BCc 
BCc 
Bee 
BCc 
Bee 
BCc 
BCc 
BCc 
BCc 
BCc 
BCc 
BCc 
BCc 
BCc 
BCc 
BCc 
BCc 
BCc 
BCc 
BCc 
BCc 
BCc 
BCc 
DO 
(mg/L) 
0.35 
0.45 
0045 
).5: 
)04: 
'.2 
0.1( 
Ll7 
0045 
0.31 
0.14 
0.00 
1.76 
1.76 
0.07 
0.55 
1.9 
1.3 
)04 
4.05 
0.52 
0.76 ' 
1.09 
.13 
1.52 
1043 
1.80 
0.95 
4-g 
.18 
.14 
1.00 
0.08 
0.63 
0.09 
0.09 
2.54 
0.58 
5.96 
2045 
0040 
0.3: 
0.0, 
0.0: 
0.06 
0.14 
0.14 
4.12 
4.12 
0047 
0.32 
0.15 
Monitoring Well Bee 
Conductivity 
(uS/cm) 
312 
337 
33~ 
o 
807 
336 
208 
681 
840 
1823 
3340 
3340 
3346 
286 
3 
o 
5460 
1245 
1064 
,J:l7 
.2: 0 
~2: 0 
3034 
2135 
217 
1279 
1434 
638 
2222 
1192 
1320 
32C 
:175 
:061 
422 
810 
350 
932 
802 
1547 
442 
934 
934 
219 
219 
1153 
295 
1054 
130 
Sample 
Date 
7/13/2004 
2412005 
9 18/2003 
D4 
lVI, 
1 
1 
1 .15/2001 
II/WLVVZ 
11/1212002 
11/11/2003 
11/1112004 
111191:2005 
11/19/2005 
1 II?OOIi 
171141 Qqq 
12114/1999 
/15/2000 
2119/2002 
12118/2003 
1: 
12/20/2004 ' 
12/171:2005 
12117/2005 
WelllD 
BCc 
3Cc 
3Cc 
Bee 
BCc 
Bee 
Bec 
BCc 
BCc 
BCc 
BCc 
BCc 
BCc 
BCc 
BCc 
BCc 
Bec 
BCc 
BCc 
BCc 
BCc 
BCc 
BCc 
Bee 
Bee 
BCc 
BCc 
Bee 
BCc 
BCc 
BCc 
Bee 
Bee 
Bee 
BCc 
Bec 
BCc 
BCc 
BCc 
BCc 
BCc 
Bee 
BCc 
Bee 
Bee 
BCc 
BCc 
BCc 
DO 
(mg/L) 
0.13 
0.15 
0.00 
0.65 
0.00 
05 
0.62 
0.54 
1 ;7 
1.87 
0.33 
0.55 
lA' 
:.0 
~.2 
0043 
0.62 
0.21 
0.21 
0.09 
0040 
0.70 
0.74 
0.74 
.14 
1.90 
.31 
0.38 
0.37 
0.00 
O.O( 
o. 
o. 
o. 
0.09 
0.06 
0.21 
O. ~1 
0.00 
0.00 
172 
0.97 
0.14 
0.14 
1.81 
1.81 
.35 
Conductivity 
(uS/cm) 
460 
1194 
202 
686 
198 
883 
256 
05 
13 
13 
492 
333 
219 
128 
651 
454 
416 
496 
452 
4 
4 
493 
387 
387 
133 
677 
266 
220 
365 
155 
155 
521 
316 
400 
400 
504 
291 
191 
72 
15 
476 
205 
205 
450 
450 
720 
Monitoring Well Bee 
Sample WelllD DO Conductivity Sample WelllD DO Conductivity Date (mg/L) (uS!cm) Date (mg/L) (uS!cm) 
111112000 Bee 6.75 89 Bee 0.00 113 
1 11I2( 100 Bee ;.75 89 II Bee 0.65 113 
1. Bee II 19 R, 2002 Bee 0.49 103 
1. !l. 103 Bee 55 6 Bee :7 135 
Bee 77 J04 Bee ;5 125 
Bee 2.' )9 Bee 11 59 
1119/2006 Bee 1.44 ;05 8/17/2006 Bee 7. ;8 35 
114/2007 Bee 9.72 178 9114/2000 Bee 9.01 8 
2110/2000 Bee 8.49 62 ~I I"VV Bee 0.44 115 
211212002 Bee 0.29 118 9/17/2002 Bee 0.35 107 
Bee 0.75 153 911812003 Bee 3.20 129 
Bee 0.47 57: 18 2003 Bee 3.2C 129 
2124/: 14 Bee 0.00 57: 04 B' ::e 0.2: 173 
2I2212( 15 Bee 2., ,7 341 B' ~e 2. IS 524 
2/1Yl"vvo Bee 0.15 2163 QI Bee 2.19 524 
)f?11?OO7 Bee 11.04 93 9/15/2006 Bee 4.66 113 
Bee 1.11 2080 Bee 8.31 43 
Bee 0.45 1764 Bee 5. ;0 89 
Bee 1.99 917 Bee O. 10 200 
Bee 3.62 4659 10/RnOO? Bee O. ;5 14' 
Bee 3.62 4659 Bee 0.69 198 
3/16/2005 Bee 0.6 1033 Bee 0.71 495 
3/1112006 Bee 0.66 183 Bee 0.23 242 
Bee 1.26 1128 10/ 106 Bee 10.64 124 
Bee 0.22 )4 1/ lee '.3 96 
411 1121 102 Bee 0.53 71 lee 7.2 84 
Bee 0.33 57 11. ,O( lee 1.2 166 
Bee 1.03 4 40 11, Bee 3.47 91 
Bee 0.70 6720 1111112003 Bee 1.00 168 
4/RI?,OO~ Bee 1.64 805 llI.1@()4 Bee ',53 210 
Bee 0.16 1219 1 Bee '.10 264 
B( :e 5,50 147 111 .112006 Bee 7.98 103 
51W2 )02 B( :e 0.00 145 Bee 6.95 89 
5/23/2003 Bee 0.00 1219 12/15/2000 Bee 7.37 81 
51?S!?004 Bge 0.48 453 12n12001 Bee 0.00 116 
Bee 0.09 685 Bee 0.62 88 
Bee 3.35 439 12/18/2003 Bee 3,55 144 
51 Bee 0.62 1503 04 Bee 0.10 304 
61 Bee 5.47 186 Bee 1.76 142 
6/1112002 Bee 0,51 148 Bee 15.30 193 
6/15/2003 Bee 0.37 1575 
Bee 0.21 1 181 
Bee 0.05 51 
Bee 0.07 20 
Bee 5,56 419 
III~I"VUU Bee 0.35 10 
Bee 0.82 117 
Bee 0.23 65 
7/13/2004 Bee 0.16 928 
Bee 0.83 279 
7nQnnn< Bee 6.14 98 
7/16/2007 Bee 6.53 82 
131 
Monitoring Well BCf 
Sample WelllD DO Conductivity Sample WelllD DO Conductivity Date (mg/L) (uS/cm) Date (mg/L) (uS/cm) 
111112000 BCf 1.07 236 04 BCf 0.20 414 , BCf D.74 129 ~ BCf 10.31 500 
17 RN 0.74 129 7 h 1 101\"< BCf 10.31 500 
1/2112003 BCf 0.78 422 BCf 0.98 119 
I: BCf 0:54 2416 BCf 0.15 166 
~ Bcf 0.10 142 87972000 BCf 0.00 347 
1/191200, RCf 0.38 3798 )J RCf 0.65 484 
BCf 2.52 72 BCf 3.43 137 
27iOi2OoO BCf 2.60 187 BCf 1.29 470 
27121Wo2 -ilcY 1.09 287 BCf 0.90 588 
RCf 0.13 1190 RCf 0.97 1221 
~ BCf 0:00 2020 16 BCf 1.50 953 
;;, Rt'i' 3.04 2835 BCf 0.57 154 
BCf 3.04 2835 BCf 0.50 283 
27i9!2Oo6 BCf Q.2f NA BCf 0.68 224 
RIT 0.45 169 97fR/2003 BCf :.10 580 
BCf 0.45 169 BCf 1.30 145 
3730!2000 BCf TOO 3z3 BCf 1.96 112 
RCf 0.45 1675 911512006 BCf 0.52 420 
3/18/2003 BCf 1.56 2299 10/29/1999 BCf 0.59 125 
M BCf 5~i6 1144 ~ BCf 1.38 133 
11612005 R, ef ).65 2 :79 BCf 0.18 215 
i7i6iWo5 B' Cf ).65 \79 1 BCf 0.81 122 
~ BCr ill 708 BCf 0.81 122 
Ref 1.01 NA In BCf 1.62 405 
4/1712000 BCf 0.19 562 1 BCf 1.23 91 
~ BCf o:J9 56z I' BCf 0.49 80 
471T!2002 ~ 0.75 1624 In. 1i?MO< BCf • .51 192 0.29 2727 11/1 611999 BCf l.70 138 
04 BCf 1.58 3800 111 BCf ).97 77 
4hllOjill< -Rr.f 0.87 4571 1"<17M' BCf 0.54 165 
RCf 6.20 2214 11/1212002 RCf 0.00 127 
47W2Oo7 BCf D.26 l624 1111112003 BCf 0.70 292 
~ 0.91 924 11000" BCf 4.15 68 0.00 231 1111912005 BCf 0.63 69 
BCf 0:00 783 11f1112006 BCf 0.34 181 
-¥C: 1.49 2091 1111112006 BCf ).34 181 0.35 854 1211411999 BCf 0.41 107 
~ BCf 2.47 664 1271572000 BCf 0.00 109 
-¥C: 0.58 281 RCf ).08 199 
" 
4.35 270 BCf 0.1 )8 199 
67J.872OO BCf 2.f8 137 ~ Bet o. l6 113 
611112002 Ref 0.52 261 12118/2003 BCf 1.44 206 
611512003 BCf 0.50 1486 1212012004 Be 0.42 64 
Ii BCf Q.06 1075 Ut17/2005 BCI 2.29 06 
';I.,XI~ BCf 0.05 28() !lCI 2.38 31 
6 RCf 0.08 150 BCf 2.38 131 
6i15i2007 BCf 0.14 205 
BCf 0.25 272 
RCf 0.55 369 
BCf 1.87 268 
BCf 0.21 324 
132 
Sample 
Date 
1/1112000 
1/24/2002 
I 1?1 170m 
112012004 
1120/2005 
1I1Q!?00~ 
2110/2000 
2120/2003 
2124/2004 
L./L.L.ILUUO 
2/19/2' 06 
3/18/2003 
3/1112006 
3/2212007 
41111LUUU 
4/1112002 
4/23/2003 
4/2112005 
4/14/2007 
5/2112002 
5/25/2004 
5/24/2005 
5/12/2007 
61 
6/1112002 
611112002 
6115/2003 
6/15/2003 
t mOM 
t 15/2007 
II. 
7113/2004 
WelllD 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Be 
Be 
Be 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Be 
Be 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
DO 
(mg/L) 
0.32 
0.40 
0.55 
0.43 
om 
0.10 
1.53 
0.30 
0.35 
0.14 
0.14 
0.00 
2.95 
0.12 
0.65 
0.40 
0.50 
4.21 
0.63 
0.12 
0.11 
0.19 
0.50 
0.31 
0.81 
0.66 
0.19 
0.19 
0.15 
0.29 
0.00 
0.00 
0.55 
0.08 
0.55 
4.76 
3.92 
3.92 
0.43 
0.43 
0.42 
0.42 
0.13 
0.06 
0.07 
0.20 
0.41 
0.49 
0.80 
0.18 
0.38 
0.38 
Monitoring Well Beg 
Conductivity 
(uS/cm) 
374 
281 
1815 
2844 
137 
6180 
423 
128 
328 
33110 
2894 
3: 
1957 
3296 
5220 
1333 
3030 
1770 
2424 
341 
2970 
1300 
903 
903 
3035 
1655 
1047 
933 
3276 
1471 
4833 
389 
804 
804 
387 
387 
1789 
1789 
1355 
1355 
1176 
773 
379 
283 
250 
1056 
112 
112 
133 
Sample 
Date 
71?1I?OM 
o 
9117/2002 
9118/2003 
9 
9115/2006 
1UIL~11~~~ 
11!?Q!?000 
1115/2001 
11, 
11/11/2003 
1111112004 
1L 
1111112006 
171"nooo 
12m2001 
1211912002 
12/18/2003 
1 
Well ID 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Be 
Be 
Be 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
Beg 
DO 
(mg/L) 
1.18 
1.18 
1.16 
0.18 
0.00 
0.75 
0.46 
1.23 
0.65 
1.50 
2.32 
0.35 
0.45 
1.65 
,.90 
1.20 
2.13 
0.52 
0.54 
0.18 
0.00 
0.60 
0.66 
0.76 
0.22 
0.84 
0.40 
0.16 
0.33 
0.00 
0.16 
0.55 
0.51 
0.23 
0.21 
0.00 
0.00 
1.52 
1.76 
0.40 
0.40 
1.62 
1.50 
Conductivity 
(uS/cm) 
200 
200 
425 
85 
169 
142 
168 
694 
549 
672 
1855 
393 
270 
169 
711 
478 
801 
375 
316 
462 
542 
312 
452 
214 
553 
578 
219 
296 
499 
231 
461 
287 
159 
386 
140 
195 
278 
114 
283 
241 
241 
296 
498 
Sample 
Date 
111112000 
1 
L '6 
211012000 
2119/2006 
3/18/2003 
3/30/2004 
3116/2005 
311112006 
4/17/2000 
4/1112002 
13 
4/2112005 
4/8/2006 
4/14/2007 
5/1212000 
5 
51: 
5/25/2006 
5112/2007 
61 
6/1112002 
6/15/2003 
"1?4I?nn, 
6/15/2007 
1/.l.0l.l.VVl 
IIlVl.l.VVj 
7!?l!?n"" 
Wel/ID 
BCh 
BCh 
BCh 
BCh 
BCh 
BCh 
BCh 
BCh 
BCh 
BCh 
BCh 
BCh 
BCh 
BCh 
BCh 
BCh 
BCh 
BCh 
BCh 
BCh 
BCh 
BCh 
BCh 
BCh 
BCh 
BCh 
BCh 
BCh 
BCh 
BCh 
BCh 
BCh 
BCh 
BCh 
BCh 
BCh 
BCh 
BCh 
BCh 
BCh 
BCh 
BCh 
BCh 
BCh 
BCh 
BCh 
BCh 
BCh 
BCh 
BCh 
BCh 
BCh 
DO 
(mg/L) 
0.54 
0.96 
0.55 
0.42 
0.42 
0.02 
0.09 
1.67 
0.38 
0.35 
0.84 
0.00 
2.28 
0.13 
0.59 
0.85 
0.49 
0.42 
0.42 
4.20 
0.63 
0.14 
0.12 
0.20 
0.54 
0.34 
0.83 
0.65 
0.12 
0.23 
0.30 
0.00 
0.54 
0.88 
0.18 
2.08 
0.57 
4.14 
0.46 
0.48 
0.38 
0.08 
0.07 
0.10 
0.14 
0.28 
0.48 
0.76 
0.17 
0.28 
1.56 
0.42 
Monitoring Well Beh 
Conductivity 
(uSkm) 
177 
411 
1406 
2036 
2036 
154 
2491 
128 
207 
601 
1794 
2946 
1819 
4167 
615 
298 
1291 
717 
717 
3676 
2430 
1609 
1063 
855 
2056 
481 
2460 
2186 
923 
2094 
1135 
732 
4059 
1265 
1299 
1005 
4000 
318 
962 
302 
733 
883 
796 
530 
293 
361 
823 
143 
696 
666 
914 
138 
134 
Sample 
Date 
8/14/2001 
6 
9118/2003 
9/15/2006 
lnN!?M? 
6 
DO Conductivity 
(mg/L) (uSkm) Wel/ID 
BCh 0.23 597 
BCh 0.00 269 
BCh 0.6C 476 
BCh 0.47 175 
BCh 1.25 909 
BCh 0.68 901 
BC 0.68 901 
Be 2.26 1208 
Be 1.66 1177 
BCh 0.35 202 
Be 0.66 339 
Be 3.10 622 
Be 0.24 208 
Be 0.2' 208 
Be 2.2: 758 
. Be 0.5: 1031 
Be 0.70 118 
BC 0.70 118 
BCh 0.92 218 
BCh 0.09 547 
BCh ().63 140 
BCh 1.47 521 
BCh· 0.66 . 150 
·BCh 0.45 177 
BCh 0.86 515 
1" BCh 0.39 120 
111 BCh 0.39 120 
1" Bc:h 0.54 242 
1 BCh 0.58 489 
1lI11/2oo3 BCh 0.16 624 
1lI1l12oo4 BCh 0.71 99 
1lI19/2005 BCh 0.33 120 
1lI1l12006 BCh· 0.31 734 
12/14/1999 BCh 0.22 90 
12/l5@Q<J;;::00-:::-00-+-~B~C~~h+-~0~.00-+_~1,=2~11:---l 
12177200T BCh 0.00 277 
1211 2002 BCh 1.71 118 
121 2003 BCh 1.39 209 
l4 . BCh 0.60 216· 
121 '/2005 BCh 1.66 67 
BCh 2.58 496 
Sample 
Date 
111112000 
L 6 
)6 
01 
3/16/2005 
~I 
4/17/2000 
41 W.OD? 
4/14/2007 
'i 101?000 
5/1212000 
51; 
OIL5ILVV, 
5/25/2004 
5/25/2004 
OlL41LVVO 
5/25/2006 
5/1212007 
OIL>ILVVV 
6/18/2001 
6/1512003 
olLLILOO4 
6/24/2005 
6/24/2005 
6/8/2006 
6/15/2007 
7/19/2000 
7/10/2003 
7/13/2004_ 
WelllD 
BCi 
Be; 
BCi 
BCi 
Be; 
Be; 
BCi 
BCi 
BCi 
Be; 
BCi 
BCi 
BCi 
Be 
Be 
Be 
Be 
Be 
BCi 
BCi 
BCi 
BCi 
Be 
Be 
Be 
BI 
BI 
BI 
Be 
Be 
Be 
Be 
Be 
Be 
Be 
Be 
Be 
BCi 
Be; 
BCi 
BCi 
BCj 
BCi 
BCi 
BCi 
BCi 
Be; 
Be; 
BCi 
BCi 
BCj 
BCi 
DO 
(mg/L) 
6.76 
0.38 
0.79 
2.29 
2.31 
0.06 
9.83 
6.85 
6.85 
2.67 
0.13 
0.09 
2.50 
3.75 
3.75 
11.61 
1.10 
0.52 
0.36 
3.54 
0.65 
5.94 
1.81 
0.30 
0.59 
0.59 
O.ll 
1.20 
0.54 
9..18 
O.ll 
0.30 
0.30 
0040 
0.02 
0.30 
0.30 
0.60 
1.97 
5.23 
6.32 
2.00 
0.38 
0.05 
0.06 
0.06 
0047 
5.51 
0.52 
0.32 
0.18 
0.85 
Monitoring Well BCj 
Conductivity 
(uS/cm) 
90 
121 
1341 
455 
198 
487 
110 
60 
60 
89 
272 
900 
1380 
158 
158 
94 
2308 
2843 
2173 
1887 
2887 
159 
1556 
2546 
1066 
i7: 
4525 
184 
374 
603 
603 
416 
214 
290 
290 
416 
1033 
593 
331 
1287 
344 
211 
2131 
213: 
1143 
483 
136 
234 
275 
508 
135 
Sample 
Date 
II lOILVV , 
6 
9118/2003 
9/15/2006 
10/; 
10I?Q/1QQQ 
10119/2000 
1, 
0/~12002 
1115/2001 
11, 
1111112003 
1111112004 
11, 
1111112006 
1211512000 
1217/2001 
12118/2003 
12/2/2006 
WelllD 
BCi 
Be; 
BCi 
BCi 
BCi 
BCi 
Be 
Be 
Be 
BCi 
BCi 
Be; 
BCi 
BCi 
BCi 
Be 
Be 
Be 
Be 
Be 
Be 
BC 
Be 
Be 
Be 
Be 
Be 
Be 
Be 
Be 
Be 
Be 
Be 
Be 
Be 
Be 
BCj 
BCi 
Be; 
Be 
Be 
Be 
Be 
Be 
Be 
DO 
(mg/L) 
0.68 
6.56 
6.35 
0.00 
0.55 
0.65 
2.06 
0.73 
1.33 
4.83 
0.36 
0.60 
0.70 
0.00 
0.32 
0.06 
7.10 
7.05 
7.05 
2.80 
0.00 
0.67 
0.67 
1.73 
0.61 
0.61 
0.20 
10.11 
7.32 
7.83 
0048 
0048 
5.28 
4.00 
0.05 
0.17 
8045 
0.00 
7.17 
0.07 
0.98 
6.15 
0.11 
1.92 
13.85 
Conductivity 
(uS/cm) 
563 
283 
83 
128 
120 
129 
108 
163 
469 
129 
114 
233 
95 
319 
218 
407 
123 
86 
86 
87 
. 196 
102 
102 . 
131 
467 
467 
486 
115 
93 
91 
172 
172 
107 . 
144 
282 
373 
110 
88 
92 
79 
116 
126 
199 
94 
189 
B4. Well Cluster BT. 
136 
Sample 
Date 
111112000 
,-
,-
11412007 
211511999 
3/1812003 
3/1112006 
-4/18/1999 
47i!/2002 
" 51 
6115/1999 
-;; 
I 611812001 
6/1112002 
, 
16iiS12007 
WelllD 
BTa 
BTa 
BTh 
BTa 
BTa 
BTh 
BTh 
RT. 
BTa 
BTh 
BTh 
BTa 
BTa 
ETh 
BTa 
BTa 
ETh 
-IlTa 
BTa 
ETh 
BTa 
RT. 
BTa 
ETh 
BTa 
BTa 
liTh 
BTa 
ETh 
-IlT. 
BTa 
ETa 
RTa 
BTa 
ETa 
. RTa 
BTa 
ETa 
Hi'. 
BTa 
RTh 
BTa 
Conductivity 
(uS/cm) 
255 
104 
289 \04. 
221 
105 
J.07 
480 
294 
228 
106 
352 
434 
334 
:\221 
925 
270 
583 
289 
1032 
383 
183 
160 
435 
1835 
320 
586 
701 
198 
200 
132 
211 
ill 
1388 
1563 
--j>77 
1440 
499 
1039 
2023 
206 
2060 
1190 
1157 
625 
1843 
216 
314 
1089 
423 
Monitoring Well BTa 
DO 
(mg/L) 
NS 
NS 
1.40 
OM 
164 
0.90 
0.90 
0.08 
1.88 
).91 
1:92 
-i:29 
1.10 
550 
2.27 
0.26 
D.26 
0.58 
0.85 
0:67 
0.64 
0.93 
·0.32 
NS 
0.96 
Q.69 
111 
0.34 
0.62 
0.22 
1.65 
NS 
0.38 
0.00 
035 
1.25 
0.31 
0.14 
0.62 
NS 
0.33 
0.60 
0.69 
(06 
0.32 
0.06 
Q.06 
0.23 
NS 
Ns 
0.33 
0.62 
137 
Sample 
Date 
711012003 
)7 
8/14/2001 
04 
87iiiio04 
16 
911412000 
9/15/2006 
9115120ue 
1012911999 
10/19/2000 
1 
1< 
1< 
1 
1 
)1 
10/1412006 
1 
1I<I?OQ1 
II. 
11/1112003 
1111112004 
11119/2005 
11/1112006 
12115/2000 
lzmioOI 
12. 
12 
121212006 
WelllD 
BTa 
BTa 
BTa 
-BTa 
BTa 
BTa 
BTa 
BTa 
BTa 
BTa 
BTa 
BTa 
BTa 
BTa 
BTa 
BTa 
BTa 
BTa 
BTa 
BTa 
BTa 
BTa 
BTa 
BTa 
BTa 
BTa 
BTa 
BTa 
BTa 
BTa 
BTa 
BTa 
BTa 
BTa 
BTa 
BTa 
BTa 
BTa 
. BTa 
BTa 
BTa 
BTa 
BTa 
BTa 
BTa 
BTa 
BTa 
BTa 
Conductivity 
(uS/cm) 
1079 
674 
672 
1025 
708 
424 
302 
957 
121 
761 
496 
496 
355 
600 
200 
407 
189 
811 
594 
740 
739 
756 
744 
366 
238 
338 
338 
440 
445 
529 
173 
623 
850 
177 
159 
325 
269 
777 
136 
218 
584 
200 
171 
525 
124 
436 
180 
270 
521 
DO 
(mg/L) 
0.53 
0.37 
0.10 
0.10 
0.15 
O.O~ 
NS 
0.5: 
0.16 
0.74 
1.02 
1.02 
0.96 
0.83 . 
IA9 
1.15 
0.45 
0.17 
0.24 
Q.l3 
0.13 
1.48 
0.5 
1.62 
4.03 
4.03 
0.58 
0.58 
0.80 
0.11 
0.41 
0.84 
NS 
0.96 
1.22 
0.86 
0.28 
0.24 
0.33 . 
0.78 
1.06 
0.56 
iOI 
1.08 
1.14 
0:65 
5.85 
0.61 
Sample 
Date 
1/1112000 
1!?1!?Om 
1!?0/2004 
114/2007 
2/15/19.22.. 
?11?!?OO? 
?I 
04 
WelllD 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
BTl: 
BTl: 
BTl: 
BTh 
BTh 
2/1~lI?OOh BTh 
11 BTh 
3/18/2003 
04 
311612005 
3/1112006 
IL.L.I£VV. 
4 18/1999 
4 17/2000 
4 11/2002 
4123/2003 
412017004 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
BT 
b 
b 
BTh 
BTh 
51 ~'iI?OO4 BTh 
BTh 
BTh 
5/25/2006 BTh 
51 BTh 
6/15/1999 BTh 
6/; BTh 
6 II BTh 
6/1112002 BTh 
6/15/2003 BTh 
BTh 
hi BTh 
"'R!?OO'; BTh 
6/15/2007 BTh 
Conductivity 
(uS/cm) 
107 
396 
364 
303 
225 
945 
308 
151 
134 
371 
370 
829 
856 
1906 
1901 
309 
307 
1382 
399 
154 
5.2 
9~16 
3::5 
180 
423 
308 
268 
118 
180 
2353 
1258 
723 
98: 
iO 
131 
989 
1445 
2778 
1854 
265 
1787 
1070 
656 
2117 
152 
N/A 
1496 
1176 
1003 
497 
Monitoring Well BTb 
DO 
(mg/L) 
NS 
1.53 
0.63 
1.05 
0.93 
0.09 
0.87 
NS 
1.95 
1.87 
0.87 
0.81 
0.81 
0.77 
0.77 
2.74 
2.74 
1.23 
0.72 
1.06 
1.51 
.30 
lAO 
0.45 
0.95 
1.12 
1.08 
0.59 
0.73 
0.22 
0.61 
0.8~ 
0.31 
0.00 
0.26 
1.1 
0.3, 
0.37 
0.15 
0.55 
NS 
0.30 
0.66 
0.59 
0.67 
0.29 
0.07 
0.03 
0.15 
Sample 
Date 
7/19/2000 
IILbILUUl 
IflUILUU; 
7/13/2004 
7/21/2005 
7/16/2007 
8/21!?OO? 
6 
)0 
)0 
l/15/2006 
10/19/2000 
'2f 
10/14/2006 
01 
)03 
1111112003 
1111112004 
1111912005 
1111112006 
121712001 
1211812003 
121171 
138 
WelllD 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
B1 
B1 
Ill: 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
BT 
BT 
BT 
BT 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
Conductivity 
(uS/cm) 
291 
659 
171 
868 
406 
1074 
29 
14 
46 
518 
135 
1019 
381 
356 
877 
125 
225 
364 
12 
12 
)J 
631 
820 
5; 
5~ 
528 
756 
892 
313 
18 
14 
,I 
613 
563 
602 
322 
321 
376 
462 
256 
425 
451 
397 
401 
DO 
(mg/L) 
0.19 
0.54 
0045 
0042 
0.12 
0.12 
0.05 
NS 
NS 
0.58 
0.34 
0.66 
0.79 
0.84 
0.85 
0.29 
.19 
004, 
O. 
O. 
O. 
0.2 
.DA8 
0.09 
1.36 
0.60 
0.43 
0.08 
·.57 
0.91 
o 
0.20 
0.19 
1.28 
. NS 
1.02 
0.36 
0.00 
1.25 
0.<2 
Sample 
Date 
1/26/1999 
11111201 
11111201 
1m non' 
112112003 
1I20!?OOA 
11 
1/4/2007 
2i15/1999 
21 
2112/: 02 
?/?~/2007 
3/30/2004 
3/16/2005 
311112006 
4/1112002 
4i?11?00'; 
4, 200: 
';12112002 
04 
'1741700'; 
5/25/2006 
5/1212007 
( :/21)! 
( .121 n 
6/1512003 
h, 
h, 
6/15/2007 
WelllD 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc_ 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
B1'c 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
BT-,,-
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
Conductivity 
(uS/cm) 
150 
159 
15: 
341 
21: 
213 
310 
548 
227 
140 
202 
353 
855 
1671 
226 
330 
595 
592 
134 
327 
1697 
1232 
191 
497 
507 
115 
234 
1810 
823 
1106 
104 
7:11 
8:18 
885 
114 
120 
955 
1946 
3645 
280 
2039 
140 
92t 
206 
12: 
3553 
1589 
918 
662 
2212, 
325 
710 
Monitoring Well BTc 
DO 
(mg/L) 
NS 
1.2t 
1 
O.L 
0.' 
0.95 
0.94 
O. 
0.63 
NS 
0.49 
0.55 
o .7 
C .7 
? 
09 
1.03 
1.03 
0.11 
0.54 
0.24 
0040 
0.18 
0.99 
1.70 
0.66 
0.57 
1.00 
0.21 
0.56 
0.56 
0.09 
0.' 
0.91 
0.30 
0.00 
0.29 
1.34 
0.19 
0.06 
1.53 
NS 
1.21 
0.71 
0.53 
0.67 
0.22 
0.09 
0.04 
0.13 
0040 
0.41 
Sample 
Date 
9/18/2003 
Q 
9,15/210t 
1 OI2.hI?OO 1 
10/8/2002 
111 
11. 
1/';1700 
11, 
1111112003 
1111112004 
11, 
1111112006 
121712001 
12006 
139 
WelllD 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
:c 
:c 
:c 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
BTc 
Conductivity 
(uS/cm) 
171 
578 
l' 
4 
5 
188 
657 
170 
313 
252 
300 
1354 
113 
156 
378 
209 
817 
761 
369 
322 
455 
523 
490 
536 
711 
817 
287 
231 
370 
385 
431 
530 
559 
286 
346 
319 
318 
404 . 
24t 
3: 
~66 
DO 
(mg/L) 
0.41 
0.27 
1.08 
1.08 
1.05 
NS 
0.47 
).40 
0.66 
0.73 
1.17 
0.87 
0.4; 
0.9: 
104: 
0.17 
0.24 
0.67 
0.48 
0.10 
0.17 
.056 
0.63 
0.08 
0.64 
0.89 
NS 
1.32 
1.09 
0.2] 
O.O~ 
0.14 
0.41 
0.52 
0.73 
0.73 
0.00 
:.55 
1.10 
Monitoring Well BTd 
Sample Well ID Conductivity DO Sample Well ID Conductivity DO Date (uS!cm) (mg/L) Date (uS/cm) (mg/L) 
1111/2000 BTd 222 1.17 BTd 780 0.44 
1 BTd 259 0.46 BTd 149 0.37 
1/21/2003 BTd 130 0.75 BTd 194C 0.28 
1 BTd 245 0.00 7/13/2004 BTd 393 0.14 
1 BTd 261 0.96 71211?00< BTd 1325 0.09 
1119/2006 BTd 297 0.06 BTd 272 0.04 
114/2007 BTd 181 .15 BTd 1 ;7 NS 
2115/199' BTd 149 NS BTd 6 .9 0047 
BTd 157 1.31 <l?1I?OO? BTd 2::5 0.72 
2112/200: lTd 319 0.36 BTd 397 0.69 
BTd 1647 0.91 BTd 394 0.69 
2/24/2004 BTd 2223 0.54 BTd 192 0.72 
212?1?00< BTd 256 2.60 BTd 50, 1045 
21 BTd 228 0.9: BTd 11'7 1.93 
BTd 3' 04 0.3, BTd 11' 1.54 
BTd 1 15 0.01 BTd 237 3.05 
BTd 207 0046 BTd 306 0041 
BTd 1504 0.23 BTd 309 0041 
BTd 1962 0040 9, 200: BT 197 0.27 
3116/2005 BTc ,7 0.1: BT 560 0.22 
3/1 2006 BTc '8 1.15 BT 760 0.09 
BTc 1 0.5, 011 <I?OO~ BT, 893 0.64 
BY< 592 . NS BTd 362 0.11 
BTd 106 ).31 BTd 542 0.13 
BTd 122 0.31 
4/11/2002 BTd 183 0.57 
BTd 1342 1.08 6 
J4 BTd 1144 0.20 B' 'd 66' O. 19 
BTd 1452 0.54 B1 'd 457 0.83 
BTd 248 0.16 BTd 455 0.83 
07 BTd 1025 0.89 1 BTd 307 0.56 
BTd 1499 NS 1 BTi 225 NS 
20 BTi lO: N 
'2112002 12C 2 BTi lOt 
BTd lO; 
BTd 601 0.24 1111112003 BTd 383 0.53 
<, J4 BTd 1562 09 1 1112004 .BTd 559 0.20 
5, lTi 17 14 1111 9/2005 cd 587 1.01 
5, lTi 0 14 111: 112006 cd 263 .I' 
~T, 14 121: 4/1999 cd 316 NS 
5112/2007 BTd 1897 0.51 12/15/2000 BTd 319 0.52 
6/1511999 BTd 1752 0.26 BTd 402 0.73 
~, BTd 1120 0.52 12119/2002 BTd 230 0.73 
nlIR/?OOI BTd 2154 0.51 12119/2002 BTd 240 0.00 
6, 2002 BTd 120 0.67 121 18,2003 BTc 372 0.32 
6, 003 3302 7 
1270 3 )Q~ 
344 7 
~Tc 547 0.03 cd 194 0.10 
6/15/2007 BTd 2636 0.17 
7/13/1999 BTd 500 NS 
71101?000 BTd 308 0.44 
140 
141 
Monitoring Well BTf 
Sample Well ID Conductivity DO Sample Well ID Conductivity DO Date (uS/cm) (mg/L) Date (uS/cm) (mg/L) 
1, BTf 148 NS BTf 680. 0..52 
1, BTf 153 2.64 ml?oO? BTf 136 0..36 
1/11/20.0.0. BTf 153 2.64 BTf 568 0..41 
11?4i?OO? BTf 161 0.,23 7/l3,2D04 BT: NA 0..0.9 
BT 15 D .. 29 0..0.8 
BT n·2 71 :31 0..04 
BT 15 71 ·1, 
1. BTf 33: .0.9 BT: 176 
1, ,6 BTf 414 0..04 8114/20.0.1 BTf 329 
14i?007 BTf 176 0..04 RI?1i?nO? BTf 220. 0..0.0. 
2/15/1999 BTf 158 2.73 Rl?1l?nO? BTf 221 0..0.0. 
BT 135 0..28 Tf If 0..61 
BT 138 0..28 II: ~/2D '04 Tf 5t 8 1.6 
BT 241 0..35 Tf 9, 1.7' 
BTf 180.4 0..35 /17/20.0.6 Tf 646 1.8: 
BTf 564 0..40. ,.on BTf 116 0..36 
BTf 20.5 3.0.2 9/17/20.0.1 BTf III 1.39 
)6 B~ 129 1.85 9/17/20.0.2 BT 189 0..41 
B~ 147 1.28 9/18/20.0.3 B' 137 0..15 
B~ 89 1.0.0. 04 B' 738 1.23 
B~ 153 1.42 9/24/20.0.5 B' 295 1.0.7 
3/18/20.0.3 BTf 735 0..20. BTf 292 1.0.7 
3/18/20.0.3 BTf 760. 0..20. 9/15/20.0.6 BTf 461 0..59 
Uq BTf 994 0..51 10.129/1999 BTf 362 0..3: 
5/2QQ~ 168 IT: 20.3 0..0.8 
5/2DQ~ 168 n 19 
1/2DQ( 130.0. :T :7 
" 
BTf 582 .12 BT :3 
4/17/20.0.0. BTf 77 0..28 BTf 335 1.0. 
4/11l?nO? BTf 194 0..62 BTf 740. 0..16 
BT: 40.9 1.04 10./14,20.0.6 BT 133 0.,83 
BT: 410 1.04 11, BT 357 Q. :7 
BT: 1447 0..22 1 BT 136 D. )5 
BT: 2349 0..51 illS/: 0.1 BT 266 D. 13 
BT: 290. 0..29 11/12120.0.2 BT 295 l' 
4/14120.0.7 BTf 1870. 0..84 11111120.0.3 BTf 189 0..51 
'ill?i?ono BTf 833 0..18 11111/20.0.4 BTf 457 0..07 
.002 BTf 124 0..57 111 BT 480. 0..17 
BTf 820. 0..26 .1/ BT 132 D. )8 
BTf 1848 1.13 121 BT 130. D. 19 
04 BTf 1841 1.13 12/1 1999 BTf 128 0..19 
,I BTf 1765 0..11 1?/l'ii?nnn BTf 131 0..0.0. 
, BTf 646 0..04 1217120.0.1 BTf 272 0..0.0. 
51 20.0.7 ,12 1219,2002 BTl 140. 0..18 
~97 12 18, .0.0.: BT 190. D. 
61 2D( .59 12 18. DO.: 1: 4 
<Illnor BTf 126 0..23 l' 2'9 
Ml'inOm BTf 3666 0..86 12117/2DO~ 2'·6 
M BTf 90.1 0..51 1211712005 BTf 243 8.22 
<. BTf 964 0..76 1212120.06 BTf 142 0..0.6 
BTf 698 0..0.8 
6/15120.0.7 BTf 277 0..0.7 
142 
Sample 
Date 
111112000 
1119/2006 
1. 
2/10/2000 
211212002 
?I?nn,; 
ql 
18, 003 
005 
Q/??17007 
4/18/1999 
4.17, 10 
4, I!. )2 
4. 
4.2( 2004 
412112005 
4/14,2007 
1999 
2000 
;12112002 
;/251: :004 
6/1,11 QQQ 
6/18/2001 
II. 
151 
1241: 105 
6115/2007 
7/13/1999 
7/1912000 
Well JD 
BTg 
BTg 
BTg 
BTg 
BTg 
[g 
[g 
[g 
BTg 
BTg 
:g 
BTg 
BTg 
BTg 
BTg 
BTg 
BTg 
BTg 
BTg 
BTg 
BTg 
3Tg 
BTg 
BTg 
BTg 
BTg 
BTg 
BTg 
BTg 
BTg 
BTg 
BTg 
BTg 
BTg 
BTg 
BTg 
BTg 
BTg 
fg 
fg 
Tg 
BTg 
BTg 
BTg 
BTg 
BTg 
Conductivity 
(uS/cm) 
150 
162 
235 
1214 
82: 
134 
113 
164 
5:5 
202 
151 
83 
117 
802 
473 
188 
2083 
500 
93 
109 
331 
1818 
2382 
182 
182 
739 
227 
1317 
118 
844 
912 
2463 
1419 
173 
1789 
787 
1441 
1016 
612 
218 
303 
128 
Monitoring Well BTg 
DO 
(mg/L) 
>'60 
1.31 
0.35 
0.08 
1.10 
NS 
1.07 
1.07 
0.04 
0.11 
0.31 
1.36 
1.35 
'.51 
1.86 
0.05 
0.00 
0.43 
0.25 
0.40 
0.17 
3.04 
0.14 
1.08 
O. :7 
0 .. ,3 
1. 
0.29 
0.48 
0.06 
0.06 
0.85 
0.10 
0.22 
0.15 
0.23 
1.23 
.75 
.16 
0.04 
0.46 
.17 
.11 
.20 
~.25 
).48 
0.68 
0.07 
0.02 
0.15 
2.34 
0.56 
Sample 
Date 
111UI,!;UUj 
8/14/2001 
6 
9/18/2003 
9115/:~006 
10/29J1999 
0/' 2000 
11/ 
11/'>12001 
1 
1111112003 
1111112004 
11, 
1111112006 
1111112006 
m.oe 
1217/2001 
12/18/2003 
1 
143 
Well ID 
BTg 
BTg 
BTg 
BTg 
[g 
[g 
[g 
BTg 
BTg 
BTg 
BTg 
'g 
'g 
'g 
. BTg 
BTg 
BTg 
BTg 
BTg 
BTg 
BTg 
BTg 
BTg 
BTg 
BTg 
BTg 
BTg 
BTg 
BTg 
BTg 
BTg 
BTg 
BTg 
BTg 
BTg 
BTg 
BTg 
BTg 
. BTg 
BTg 
BTg 
BTg 
BTg 
BTg 
BTg 
BTg 
BTg 
BTg 
BTg 
Conductivity 
(uS/cm) 
131 
130 
1537 
:21 
1 )6 
313 
550 
554 
203 
;74 
;87 
;25 
549 
543 
)33 
115 
220 
1455 
934 
185 
. 140 
200 
127 
185 
211 
425 
428 
238 
402 
137 
268 
241 
232 
336 
286 
322 
128 
128 
113 
107 
207 
192 
142 
162 
260 
220 
127 
DO 
(mg/L) 
).35 
).35 
0.30 
.17 
).07 
1.04 
'<S 
'<S 
0.55 
0.55 
0.42 
0.83 
0.83 
0.40 
3.11 
0.42 
0.13 
0.23 
0.16 
0.52 
0.38 
0.13 
0.09 
0.57 
0.53 
0.53 
0.32 
0.08 
0.80 
1.36 
0.05 
0.23 
0.5' 
O.l( 
0.0' 
0.07 
0.07 
0.69 
0.14 
0.00 
0.00 
0.16 
0.71 
0.42 
8.24 
0.05 
Sample 
Date 
1111/2000 
112412002 
1/21/2003 
1/21/2003 
I. 19/2006 
2115/1999 
2110/2000 
211212002 
2 
2 
~2005 
211 1/2006 
lI18/20113 
V30/20114 
3/16/2005 
3/1112006 
3/22/2007 
4/17/2000 
4/1112002 
4/2112005 
4114/20117 
12120110 
'21:20112 
5/1212007 
6/1112002 
6. 
6007 
6007 
7/19/2000 
7/19/2000 
WelllD 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
B1 
B1 
B' 
BTh 
BTh 
BTh 
B' 
B' 
B' 
:n. 
BTh 
BTh 
BTh 
B' 
B' 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
B1 
BTh 
BTh 
BTh 
BTh 
Conductivity 
(uS!cm) 
117 
210 
127 
119 
157 
247 
1846 
94 
119 
106 
190 
1596 
182 
177 
149 
140 
98 
98 
78 
17 
;3 
~2 
577 
2056 
80 
78 
83 
121 
668 
2576 
2288 
214 
248 
930 
117 
785 
2675 
2117 
105 
900 
283 
195 
704 
1005 
844 
3( 
1: 
1: 
142 
142 
344 
123 
Monitoring Well BTh 
DO 
(mg/L) 
0.12 
0.33 
0.00 
0.00 
NS 
0.07 
)5 
10 
\0 
0.30 
0.37 
0.57 
1.57 
•. 90 
1.93 
6.22 
6.22 
0.61 
0041 
0.2 
0.4 
4.1 
5.93 
5.62 
0.' 
0.32 
0047 
0.06 
0.85 
1.21 
.15 
1.00 
0.23 
0.61 
0.31 
0.06 
0.21 
0.51 
0.79 
0.07 
0.08 
0.02 
5040 
5040 
0.60 
0.60 
0.37 
0.33 
Sample 
Date WelllD 
BTh 
71?1 noo, BTh 
BTh 
BTh 
BTh 
8/9/2000 BTh 
)J BTh 
RI21 12002 BTh 
. BTh 
J4 BTh 
BTh 
6 BTh 
BTh 
B1 
B1 
B1 
BTh 
9/18/2003 BTh 
BTh 
8Th 
9 BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
BTh 
11 f?Qf?OOO BTh 
1111212002 BTh 
111 L 1/20)3 B1 
111 L1120)4 B1 
111 B1 
1111112006 BTh 
BTh 
12115/2000 . BTh 
144 
1: BTh 
BTh 
BTh 
BTh 
BTh 
1 ?J?J?OO/\ BTh 
Conductivity 
(uS!cm) 
1721 
1795 
106 
120 
117 
234 
307 
170 
484 
511 
158 
142 
117 
108 
O~ 
.7! 
.8! 
134 
367 
168 
.29 
.16 
.16 
116 
196 
.98 
121 
.88 
499 
123 
89 
268 
192 
11 
107 
92 
108 
161 
156 
146 
N/A 
170 
98 
DO 
(mg/L) 
0.11 
07 
NS 
NS 
0.52 
0.38 
0.6 
0.6 
004 
0.88 
0.45 
3.07 
'7 
0.16 
0.23 
0.09 
1:51 
1.54 
1.26 
0.26 
0.15 
0.59 
1.58 
1.44 
.14 
0.80 
0.38 
0.10 
5.80 
1.54 
1.83 
1.07 
0.09 
0.77 
0.1 
I.O( 
.1, 
.7' 
OA( 
8.27 
0042 
Sample 
Date 
12000 
21 '99 
3,18,2003 
3,005 
.006 
4/18/1999 
411112002 
04 
4/2112005 
/2007 
'11999 
nooo 
512112002 
5/24/2005 
'il?/?007 
6/15/1999 
oiLY/LVW 
h/ll/?om 
~ "/?003 
6/15/2007 
7/1311999 
7/19/2000 
10/?OO' 
WelllD 
BTi 
BTi 
BTi 
BTi 
BTi 
3Ti 
3Ti 
3Ti 
3Ti 
3Ti 
:T 
BT 
BT 
B' 
BTi 
BTi 
BTi 
BTi 
BTi 
BTi 
BTi 
BTi 
BTi 
BTi 
BTi 
BTi 
BTi 
BTi 
BTi 
BTi 
BTi 
BTi 
BTi 
BTi 
BTi 
BTi 
BTi 
BTi 
BTi 
BTi 
BTi 
BTi 
BTi 
BTi 
BTi 
7113/2004 BTi 
Conductivity 
(uS/cm) 
64 
80 
.17 
80 
106 
99 
74 
50 
6. 
4(0 
81 
210 
130 
69 
59 
79 
778 
508 
3283 
100 
74 
53 
478 
108 
670 
1747 
437 
:7 
106 
127 
2614 
4117 
75 
68 
67 
87 
82 
101 
166 
155 
135 
68 
72 
67 
77 
102 
119 
134 
Monitoring Well BTi 
DO 
(mg/L) 
3. 
10. 6 
7. 
O. 
09 
95 
S 
;2 
17 
0.73 
5.09 
3.08 
0.94 
9.61 
3.23 
4.22 
0.10 
0.% 
5.14 
;.98 
;.52 
'.22 
0.38 
4.12 
1.03 
1.35 
).51 
.10 
6.13 
10.91 
7.47 
1.10 
5.16 
4.39 
).65 
1.05 
4.71 
9.05 
5.86 
6.87 
6.72 
0.07 
0.07 
0.50 
7.25 
10.58 
5.42 
4.14 
4.91 
4.40 
0.10 
Sample 
Date WelllD 
7f? Tl?OO' BI 
18/: 
BI 
BI 
o BTi 
BTi 
BTi 
BTi 
BI 
BI 
BI 
BI 
BTi 
BTi 
BTi 
BTi 
BTi 
~O( BTi 
Bl 
B' 
B' 
B' 
10/8/2002 I' BTi 
BTi 
BTi 
BTi 
BTi 
BTi 
11, 
11. 
1 
111512001 
n 
1111112003 
11/1112004 
11119/2005 
11/11.2006 
11/ll,2006 
BTi 
BTi 
BTi 
BTi 
BTi 
BTi 
BTi 
BTi 
BTi 
BTi 
BTi 
BTi 
BTi 
1 171 :001 BTi 
BTi 
1218,200: BTi 
BTi 
12117,2005 BTi 
" BTi 
145 
Conductivity 
(uS/cm) 
129 
o 
61 
71 
69 
. 111 
121 
112 
115 
69 
59 
118 
85 
110 
139 
116 
71 
63 
4 
72 
100 
140 
108 
109 
72 
73 
58 
142 
153 
161 
98 
104 
134 
08 
71 
71 
68 
124 
141 
212 
83 
99 
103 
66 
DO 
(mg/L) 
0.07 
5.31 
NS 
NS 
3.98 
11.06 
4.27 
0.63 
0.49 
3.84 
8.60 
3.27 
3.50 
4.89 
0.31 
0.07 
5.32 
9. 
9. 
4.' 
5.48 
5.57 . 
4.88 
0.08 
1.67 
1.67 
7.62 
7.62 
NS 
10.80 
4.44 
4.07 
4.07 
3.85 
0.06 
0.02 
5.11 
5.11 
5.83 
5.54 
4.19 
5. 
1. 
0 .. 
8.73 
3.40 
Sample 
Date 
1126/1999 
1/1 1, 
1 1/2 
11 
00 
2il5ilS 9 
2115115 9 
118/2003 
04 
3/16/2005 
3/1112006 
" 1/ 
4/18/1999 
41l"rf?000 
4111f?00? 
4/21/2005 
4/14/2007 
5/17/1999 
5/1212000 
'if? rnom 
'i1?~1?00~ 
1007 
'15/1999 
6/18/2001 
6/1112002 
6/1112002 
01 J>1':UUj 
61: 
WelllD 
BTi 
BTi 
BTi 
BTi 
BTi 
BTi 
BTi 
BTj 
BTj 
BTi 
BTj 
BTj 
BTi 
BTi 
BTi 
BTi 
BTi 
BTi 
BTj 
BTj 
BTj 
BTj 
BTj 
BTj 
BTj 
BTj 
BTj 
BTj 
BTj 
BTj 
BTj 
BTj 
BTj 
BTj 
BTj 
BTj 
BT 
BT 
BT 
IT 
IT 
IT 
BT 
BTj 
BTj 
BTj 
BTj 
BTj 
BTi 
BTj 
6/1512007 BTj 
Conductivity 
(uS/cm) 
72 
71 
134 
135 
14 
2 ,2 
3 
6 
74 
1 
1 
1 
1 
137 
329 
2445 
99 
72 
76 
70 
114 
1984 
2762 
410 
104 
73 
97 
135 
1209 
451 
2598 
638 
114 
1846 
66 
113 
111 
466 
726 
756 
1749 
2114 
1347 
119 
342 
Monitoring Well BTj 
DO 
(mg/L) 
8.10 
'.1 
0.12 
6.95 
NS 
5.60 
5.60 
6.52 
0.34 
0.72 
2.16 
;.00 
.17 
7 
3.8C 
0.4, 
0045 
1.85 
7.15 
6.81 
7.78 
1.77 
0.36 
0.66 
1.11 
0.37 
0.44 
0.14 
6045 
5.75 
0.14 
0041 
0.28 
0.47 
0.20 
0.08 
O. 
7. 
O. 
0.27 
5.05 
0047 
0047 
6.75 
0.06 
0.13 
2.19 
6.10 
Sample 
Date 
'0"00 
04 
7116/2007 
8/14/2001 
om"om 
81: 
811212004 
8/17/2006 
911412000 
9/14/2000 
~/lII':UUl 
W 111':UU': 
9/18/2003 
9/15/2006 
9/1512006 
10/29/1999 
lOll >nooo 
10114/2006 
1 : 
11/51200 
11 
1 
1 
1 
11 :1120)6 
I: 15/2000 
I: 15/2000 
1: '7/2001 
12/18/2003 
1: 
146 
WelllD 
BTi 
BTi 
1l1: 
B1-
B1-
ElT 
BT 
BTi 
BTi 
.BTi 
BTi 
BTi 
BTi 
BT 
'; 
:i 
BTi 
BTi 
BTi 
BTj 
BTj 
BTj 
BTj 
BTi 
BTi 
BTj 
BTj 
BTj 
'BTi 
BTj 
BTj 
BTj 
BTj 
BTj 
BTj 
BT; 
BTi 
BTi 
BT 
BT 
BT 
BT 
BTi 
BTi 
BTj 
BTi 
BTi 
. BTi 
BTi 
Conductivity 
(uS/cm) 
66 
108 
140 
463 
380 
494 
136 
98 
77 
113 
113 
422 
121 
117 
453 
129 
85 
123 
133 
174 
146 
120 
297 
103 
76 
76 
75 
128 
139 
120 
115 
249 
173 
73 
126 
165 
169 
144 
280 
147 
16 
16 
132 
195 
129 
156 
155 
106 
69 
DO 
(mg/L) 
7.54 
0.36 
0041 
)043 
0.21 
0.16 
0.06 
7.61 
NS 
NS 
0.54 
0.63 
2042 
0.68 
0.44 
7.14 
0043 
0043 
0.91 
0043 
0.14 
0.33 
0.09 
7.22 
7.22 
6.25 
0.11 
0.10 
0.55 
0.59 
0.04 
1.02 
1.20 
0.13 
0.27 
10 
)8 
J4 
65 
NS 
0.07 
0.07 
0.00 
1.87 
0.76 
0042 
0042 
3.21 . 
8.06 
Sample 
Date 
L 
I !?OI?OM 
1119/2Q06 
L 
?/1QI?OO~ 
?/1QI?OO~ 
j/jV/tVVV 
3.18,'2003 
04 
3/1112006 
,I 
41 999 
41 000 
4!ll/2002 
4/. 
4/21/2005 
4/14/2007 
5/1711999 
5/1212000 
5/2112002 
51: 
04 
5/24/2005 
" 1?n007 
~Il'; 999 
15/1999 
o 
12 
:003 
6/221 04 
6lL4ltvv: 
6/15/2007 
WelllD 
BTk 
BTk 
BTk 
BTk 
Bl 
BT 
BT 
BTk 
BTk 
BTk 
Bl 
Bl 
Bl 
BTk 
BTk 
BTk 
BTk 
BTk 
BTk 
BTk 
BTk 
BTk 
BTk 
BTk 
BTk 
BTk 
BTk 
BTk 
BTk 
BTk 
BTk 
BT 
BT 
BT 
BTk 
BTk 
BTk 
BTk 
BTk 
BTk 
BTk 
B11c 
BTk 
BTk 
BTk 
BTk 
BTk 
BTk 
BTk 
Conductivity 
(uS/cm) 
273 
145 
268 
219 
475 
475 
153 
266 
248 
315 
166 
296 
297 
187 
2054 
2050 
127 
168 
215 
987 
195 
408 
2519 
559 
.5( 
188 
1361 
224 
2085 
852 
843 
168 
167 
2243 
188 
655 
432 
3108 
1066 
1497 
16: 
6( 
:8 
171 
2147 
374 
981 
1208 
1368 
Monitoring Well BTk 
DO 
(mg/L) 
1.16 
1.42 
1.09 
0.46 
0.46 
0.49 
1.26 
1.69 
3.68 
0.75 
O. 
O. 
3. 
1.82 
1.82 
0.76 
0.00 
3.06 
0.70 
1.15 
1.00 
1.33 
0.59 
0.59 
4.45 
2.01 
0.96 
1.23 
0.68 
0.57 
:.85 
0.52 
1.15 
5.20 
0.55 
0.43 
0.12 
0: '2 
0.- ;9 
0.\6 
0.85 
0.98 
1.70 
0.11 
0.13 
0.08 
0.15 
Sample 
Date WelllD 
BTk 
BTk 
BTk 
BTk 
BTk 
BTk 
BTk 
BTk 
.BTk 
BTk 
1\ BTk 
BTk 
ITk 
ITk 
ITk 
) BTk' 
<6 BTk 
BTk 
BTk 
91 7/2002 BTk 
91 8/2003 BTk 
BTk 
915/2006 . BTk 
10129/1999 . BTk 
1 12000 
BTk 
BTk 
10/14/2006 . BTk 
1 BTk 
'5/20 BT 
BT 
.lllI21)3 BT 
1111112004 BTk 
1 BTk 
1111112006 BTk 
BTk 
1217/2001 BTk 
147 
BTk 
BTk 
BTk 
BTk 
Conductivity 
(uS/cm) 
557 
975 
146 
1504 
923 
NA 
99 
167 
166 
320 
1053 
133 
466 
840 
241 
243 
79 
317 
421 
197 
358 
310 
227 
263 
281 
332 
453 
551 
363 
396 
23 
28' 
15: 
782 
. 375 
107 
210 
252 
352 
171 
426 
245 
173 
DO 
(mg/L) 
1.08 
0.26 
1.89 
0.63 
0.30 
0.20 
0.24 
0.17 
NS 
NS 
NS 
0.89 
1.3 
0.85 
1.47 
1.47 
0.93 
1.23 
1.23 
1.94 
0.27 
0.20 
1.28 
0.93 
0.44 
0.71 
0.88 
0.31 
0.42 
9.41 
0.18 
0.35 
0.28 
0.37 
0.54 
1.32 
0.69 
O.W 
2.l2 
U5 
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EXPENDITURE REPORT 
Salt, Pre-Mix and CMA used from Wareham Shed 
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* 
VeE-I;; 
Ending-
LOCATIO 
N 
The accumulated column is a summation of all seven winter periods. 
150 
151 
N 
152 
153 
. i. .......... ......... . .. ··/SaltUSED.. ... :USEDCIII1AO 
i E~;~~ I~u"~,,u lYSed_in.' ....•. ···.I~::~~::~~:I:;;s:~::~S.d·' "~'·iUS"~" •. ~<. 
. ...... ..• . .•. illli .,'~ .. <'~"··~I(TO.~) ... i'.df~:~:~l ... , . . ·~.:~:~'T~ 
."'. 
~ .. 
L 
...... 
f . 
. .... . .. 17: ......, .... ..... . 3~ 
.... .• . ···17: ... .... . ...<: ..•. ,319 
1 •.. ..... .... 17:, ... ····.·c ·..379 
.....• . ··175 ... .. ....• . .......•. ... ..• . 1.l12J1 
• ... .... 175 ..•... . ..: ...•.. ..........•.... 37911 
.. .. . 
.. ...• 
.. 175 ....,' .... ·379 
175. ;:"i~1 
> ....•... I ."379 
•.•....••..•. ...• i·':, 
..•••. . . c 
••.... 34 .'379 
, 175 .•... .... • ...34 .• ...• · '37 
..... . ....•...... • 17: ..• i . .... .......' ....... .. ·'Ii 3' 
..... .. 1/3' 
•.•...•.•.• . ..... - 17: •.•..• ........, ....,3' 
340<641181' •...•. .....• .i34 .<iI4 .... 1, [393 
,/ '9.4 1 . ... .... I .'. I ... • 1/..4....... ..•. • .•.••. ·.1..·.1 Ii. 40 10,7·· • ..... . ... . .. ..·.....i.2 ··i 
. li/- ... ... .... . .' .•...... .... . ••.. ···ic 
11502.8 ....•. .. .... " .• : ·.·.·.·.·.3 ....•.. ··3402 
1··2.4 ... ·34· ·3·· •• 34 
. iAIO I •..• ·7: ...... 204 .. .•.... .. ..•. .·..I~ I .....•..•.••.. •.•.• ·1 ....••. 
: ..• . i5, · .• 2WI·· ••. ·•. ., .......... . C.i ... .•...•... 
1/: • ·····..7; •• ·•·· •. ··21' ····.·.i ............... ~ 'i' .. , 
Iii: I' ..... < ··.····'361 .•....••.••.••.. , •......• [4 
lili ...•.. ·.·.·····22 ....• ..c ·············'+3 1/ {. ii'l i. 
1/'·,63 i/; ··O.73~ 16.61>, 
{{·.61 •..•••• i, .' i .. ···· ·3~ I· ;; Ii; . 
I/i.·.... :2: '·i. .c ..., ..36 .'...' i."/.A44 
.' .·358;;.i I l;iS .i.··.·.··· ·51' 
. 4901 { {92 '."'. <: · •• ·15C .2,81: 1....21/.:1. 
•.•.••. . ••••.. i •.... ... ./ 'ii' 
.••••. « ••... ..••....•.•• .... li3! lii'{4' 
'.{' I..' . 245 cel:'!! ..•.... ·..i. ··.'478 
.ii. ··~e ...•.. .., cli47C 
·.····.i··i.. .....; ., ..••.....•...... '1. IA7C 
•..•.•. .... I •·· .• ·i··· ..... ··47811 
. ..•.. . ..•.... -. ..•..... .•. .. '. Ii i c .... ,.-47011 
154 
''''eel;; 
Ending 
155 
1 
~ ~ ... 
;> .•. 
:-
~ ... 
. 
. 
...... 
I 
VeeL 
Ending 
.. i··. .... .... I.· .. p~I+II"'C,", .......•...••..• 
. • Us." •. i.. UsedinA"'''_US'~ i. Usedin ""_.. Used i. Us• d i.. .. " .. 'LU~"U I;····:·: .:). ... ~--- •• se .. oh .~::~, 
I N Vare-ham -.'",;.":"";':::' ',' ",'- _ '.. ~-.:_ Used Vareham area ~'::-:::'~~~ 
1 . (to.s) (;~;':j (tons) .(to05) (Tons) (tons) . (to.s) I (T';",,) 
, 
31 . 
31-
". 31 . 
36 OJ 363 
, 36: 
, 363 
39 
39 
39 
. 363, 39 
30 .0.6 36< . 39 
., . 36< .... ... ·39 
86216.1 >38C 39 
· ... 581.1381 ... ···i· .. 39 .... 
... , 381 ..• 39 
54 1.038'·~ 39 
.336 ...• 6:3 .···.·.3891 .. ..... . .. ' .39 ..... . 
...... ·.i36 0.738 .. .•. 39 . .. 
·.60.1.l ·39 ••..•. .. '> 39 
192i 3.639 .. .. 39 . 
· .·····.66 .• ··U .••.....•.••. 39; .'.. ..- 39 
.. .39;" 39 
540 Ii 114C i 35 .•. 0.7.40 
. 
7 
4 
594 
.594 
594 
594 
594 
594 
. , 594 
594 
594 
7 601 
601 
601 
4 605 
605 
6 
.··.·614 
·4·· .·6 
·'6 ..• .6: 
. .. . ····6: 
·· .. 7 •.. ~.7 .631 
. .150 I·'i 408 . . ··.·.c 40 .. ··.··3 '3·634 
438 i..: I'll ···47 .••....•. <0.9 ..• 41 
.6 . • 6640 
, • ....... • .,' •.... 116 ...' 41 ... ·.·640 
• .. i. . .•• 416 i··. 41 640 
· .· ... ·i ...... _ . ... , ' \16 ·'.i· .., 41 
...., .···.416 > .. .... 41 ..•.. .... 
·,640 
640 
··640 
··.640 
..... • .. • ..•... ·4161 •. ....., •......... 411.····,·· 
... ......., ......' .AI6'.·······,·,.Al ····,1.·.·.····· 
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APPENDIXD 
RAIN DATAl PLYMOUTH SAMPLING DATES 
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Period Ae:cumulate Plymouth WeekEnding Rain Depth Rain Data Observations Rain(m) (m.) Sample: Dates 
101211999 0.0 0.0 2/15/1999 
101911999 0.0 0.0 4/18/1999 
1011611999 0.0 0.0 5/17/1999 
1012311999 0.0 0.0 6/15/1999 
1013011999 0.0 0.0 1012911999 
111611999 0.0 0.0 
1111311999 0.0 0.0 
1112011999 0.0 0.0 
1112711999 0.0 0.0 
12/411999 0.0 0.0 
1211111999 0.0 0.0 
12/1811999 0.0 0.0 
1212511999 0.0 0.0 
11112000 0.0 0.0 
11812000 0.0 0.0 
1/1512000 0.0 0.0 
112212000 0.0 0.0 
112912000 0.0 0.0 
21512000 0.0 0.0 
211212000 0.0 0.0 2110/2000 
211912000 1.2 1.2 
212612000 1.8 3.0 
31412000 1.6 4.6 
311112000 2.1 6.7 
311812000 2.5 9.2 
312512000 0.0 9.2 3/30/2000 
41112000 1.1 10.2 
41812000 0.3 10.5 
411512000 0.8 11.3 
412212000 2.3 13.6 4/17/2000 
412912000 3.7 17.4 Rain Data MiSSing from 4/28 till 5/5 
51612000 0.0 17.4 
511312000 1.4 18.8 5/1212000 
512012000 0.4 19.2 Missing Data from 5120 tJ.115123 
512712000 0.9 20.0 
61312000 0.4 20.4 
6/10/2000 1.7 22.2 
611712000 0.4 22.6 
612412000 0.1 22.7 
71112000 0.3 23.0 Missing Data after 6129 6/2912000 
71812000 0.0 23.0 Missing Data unti17114 
711512000 0.0 23.0 
712212000 12 24.2 7/19/2000 
712912000 02 24.4 Missing Data after 7127 
81512000 0.5 24.9 
811212000 0.7 25.6 8/9/2000 
811912000 1.9 27.5 
812612000 0.2 27.7 
158 
Accumulate 
Period Rain Depth Plymouth 
WcckEnding Rain (in) (m.) Rain Data Observations Sample Dates 
9/212007 0.6 28.3 
91912000 0.5 28.8 
9/1612000 0.5 29.3 911412000 
912312000 0.8 30.1 
9/30/2000 0.9 31.0 
0.1 31.0 
10nl2000 l.l 32.1 
10/14/2000 0.3 32.5 
10/2112000 0.0 32.5 10/19/2000 
10/28/2000 1.4 33.9 
11/4/2000 0.0 33.9 
11/11/2000 1.5 35.3 
11118/2000 0.7 36.0 
11125/2000 0.0 36.0 
121212000 0.8 36.8 11/29/2000 
12/912000 0.0 36.8 
12/16/2000 0.7 37.4 12/15/2000 
12/2312000 0.0 37.5 
1213012000 0.6 38.0 
11612001 0.1 38.1 
1/13/2001 02 38.2 
1/2012001 0.9 39.1 
112712001 0.7 39.8 
213/2001 0.4 40.2 
211012001 1.5 41.6 
211712001 0.3 41.9 
212412001 0.1 42.0 
3/3/2001 0.5 42.5 
3110/2001 3.1 45.5 
3/1712001 l.l 46.6 
312412001 4.2 50.8 
3/3112001 5.5 56.3 
4n12001 0.3 56.6 
4/14/2001 1.7 58.2 
412112001 0.8 59.0 
4/2812001 0.0 59.0 
5/5/2001 0.0 59.0 
511212001 0.0 59.0 
5/1912001 0.0 59.0 
512612001 2.1 61.2 
6/2/2001 2.9 64.1 
61912001 0.1 64.2 
6/1612001 l.l 65.4 
612312001 1.8 67.2 6/18/2001 
6/3012001 0.1 67.3 
7n12001 0.7 68.0 
7/14/2001 0.9 68.9 
7/2112001 0.0 69.0 
7/2812001 2.3 71.3 7/26/2001 
159 
Period Accumulate Plymouth WeekEnding Rain Depth Rain Data Observations Rain (in) (in.) Sample Dates 
S/41200i 0.7 72.0 
SI11/2001 0.4 72.4 
S/1S/2001 1.3 73.7 8/14/2001 
S/2512001 0.0 73.7 
9/112001 1.1 74.7 
918/2001 0.0 74.7 
9/1512001 0.1 74.S 
9/2212001 2.9 77.7 9/17/2001 
912912001 0.2 77.9 
10/6/2001 0.1 78.0 
10/13/2001 0.0 78.0 
10/20/2001 0.3 7S.3 
10/27/2001 0.5 7S.7 10/26/2001 
111312001 0.1 7S.S 
11110/2001 0.4 79.2 111512001 
11117/2001 0.0 79.2 
11124/2001 0.1 79.3 
121112001 0.2 79.5 
121812001 0.2 79.6 121712001 
1211512001 O.S SO.4 
12/2212001 1.1 SI.4 
12129/2001 0.0 SI.4 
1/512002 0.0 81.4 
1/1212002 0.9 82.3 
1119/2002 1.5 83.8 
1126/2002 0.8 84.6 
2/2/2002 0.2 84.8 
219/2002 0.0 84.8 
2116/2002 0.2 85.0 2/12/2002 
212312002 1.2 86.2 
3/212002 0.4 86.6 
3/9/2002 0.5 87.1 
3/16/2002 0.5 87.6 
3/23/2002 1.0 88.6 3/20/2002 
3{3012002 1.6 90.2 
4/6/2002 1.2 91.4 
4113/2002 0.4 91.8 4111/2002 
412012002 0.3 92.1 
4127/2002 1.4 93.5 
5/4/2002 0.5 94.0 
5/1112002 0.1 94.1 
5/1812002 3.5 97.6 
512512002 0.0 97.6 5/2112002 
6/112002 0.6 98.2 
61812002 1.9 100.1 
6115/2002 0.7 100.8 6/1112002 
612212002 0.1 100.9 
612912002 0.5 101.3 
7/612002 0.0 101.4 
160 
Period Accumulate Plymouth WeekEnding Rain Depth Rain Data Observations Rain (in) (in.) Sample Dates 
7/1312002 0.0 101.4 7/8/2002 
7/2012002 0.2 101.5 
7/2712002 0.0 101.6 
8/312002 0.5 102.1 
811012002 0.0 102.1 
8/1712002 0.0 102.1 
8/24/2002 0.3 102.3 
8/31/2002 0.6 102.9 
9n12002 1.2 104.1 
9/1412002 0.0 104.1 
9/21/2002 1.6 105.7 9/17/2002 
9/28/2002 3.4 109.0 
10/512002 0.0 109.1 
10/1212002 0.7 109.8 
10/19/2002 1.8 111.6 
10/26/2002 0.8 112.4 
1112/2002 0.0 112.4 
1119/2002 0.4 112.8 
11116/2002 2.5 115.3 11/1212002 
11123/2002 1.7 117.0 
11130/2002 0.9 117.9 
121712002 0.4 118.3 
1211412002 2.5 120.7 
1212112002 1.4 1222 12119/2002 
12128/2002 1.8 124.0 
11412003 2.4 126.4 
111112003 0.1 126.4 
111812003 0.0 126.4 
1/25/2003 0.0 126.4 1/21/2003 
2/112003 0.2 126.6 
2/8/2003 1.3 127.9 
2/15/2003 02 128.1 
212212003 2.4 130.5 2/20/2003 
3/1/2003 3.7 1342 
3/8/2003 2.1 1362 
3115/2003 0.3 136.5 
3/22/2003 0.7 1372 3118/2003 
312912003 0.0 137.2 
4/512003 3.4 140.7 
4/1212003 2.3 143.0 
4/19/2003 0.0 143.0 
412612003 1.3 144.3 4/23/2003 
5/3/2003 0.1 144.3 
5/10/2003 0.1 144.4 
5/17/2003 0.1 144.5 
512412003 1.0 145.6 5/2312003 
5/31/2003 1.1 146.7 
6n12003 2.4 149.1 
611412003 0.6 149.6 
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6/2112003 0.8 ISM 6fl5/2003 
6128/2003 1.7 152.1 
7/5/2003 0.2 152.3 
7/1212003 0.9 153.2 7/10/2003 
7/19/2003 0.1 153.3 
7/2612003 0.3 153.7 
8/212003 0.2 153.8 
8/9/2003 0.5 154.3 
8/16/2003 1.4 155.7 
8123/2003 0.7 156.4 
8/3112003 0.2 156.6 8126/2003 
9n12003 1.7 158.3 
9/1412003 0.0 158.3 
912112003 0.1 158.4 9/18/2003 
9/28/2003 0.1 15S.5 
10/5/2003 0.1 15S.6 
10/12/2003 0.6 159.2 
10/19/2003 1.9 161.0 
10/26/2003 0.1 161.2 10/30/2003 
111212003 2.2 163.3 
11/912003 0.7 164.0 
11116/2003 0.1 164.! 1111112003 
1112312003 0.9 165.0 
1112912003 0.5 165.5 
1216/2003 2.4 167.9 
12/13/2003 2.5 170.4 
12/20/2003 0.7 17U 12/18/2003 
1212712003 0.3 171.4 
113/2004 0.3 171.7 
1110/2004 0.7 172.3 
1/17/2004 0.1 172.4 
112412004 0.5 172.9 1120/2004 
113112004 0.1 173.0 
2n12004 1.9 174.9 
2114/2004 0.0 174.9 
2/2112004 0.7 175.6 
2/2812004 0.0 175.6 2/24/2004 
3/612004 0.0 175.6 
3/13/2004 O.S 176.4 
312012004 0.9 177.3 
3127/2004 0.6 177.9 
4/3/2004 0.2 178.1 3/30/2004 
411012004 2.2 180.3 
4/1712004 1.5 181.S 
4/2412004 0.4 182.2 
4/2512004 0.0 182.2 4/20/2004 
4/2612004 0.4 182.6 
5/3/2004 0.9 183.5 
5/1012004 0.4 183.9 
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5/17/2004 0.0 183.9 
5/2412004 0.2 184.1 
513112004 1.2 18S.3 5/25/2004 
6n12004 0.8 186.1 data missing: 6/2 -6/6 
6/14/2004 0.3 186.4 
6/2112004 0.1 186.5 
6/28/2004 0.1 186.6 6/2212004 
7/5/2004 1.0 187.6 
7/1212004 0.1 187.7 
7/19/2004 0.5 188.2 7/13/2004 
7126/2004 0.0 1882 
81212004 0.7 188.9 
81912004 0.5 189.5 
8/1612004 3.5 192.9 8/1212004 
8/2312004 0.7 193.6 
8130/2004 0.6 1942 
9/612004 0.0 1942 
9113/2004 0.0 194.3 
9120/2004 2.1 196.3 
9/27/2004 0.0 196.3 
10/412004 2.7 199.0 
10/1112004 0.0 199.0 
10/18/2004 12 2002 
10/25/2004 0.4 200.6 
111112004 0.0 200.6 10/26/2004 
111612004 0.0 200.7 
11113/2004 1.6 202.3 11/1112004 
1112012004 0.1 202.3 
11127/2004 0.9 203.3 
1214/2004 1.S 204.8 
12/1112004 1.9 206.6 
12/18/2004 02 206.9 
12125/2004 0.8 207.7 12/20/2004 
11112005 0.7 208.4 
1/812005 2.3 210.7 
111512005 1.1 211.8 
112212005 0.0 211.8 1120/2005 
112912005 0.0 211.8 
2/512005 0.8 212.6 rain data skips 2/5,6,7.8 
2/1212005 1.0 213.5 
2/19/2005 0.5 214.1 
212612005 0.7 214.7 2/22/2005 
3/512005 0.1 214.8 
3/1212005 0.0 214.8 missing from 3/lO 14:40 to 312123:40 
3/19/2005 0.0 214.8 missing between 3/1S 16:S0and 3/21 18:30 3116/2005 
312612005 0.0 214.8 
41212005 0.9 21S.7 
4/912005 1.1 216.8 
4/16/2005 0.0 216.8 
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4/23/2005 0.2 216.9 4/2112005 
4/30/2005 2.9 219.9 
51712005 1.3 221.1 
5/14/2005 0.2 221.3 
5/2112005 0.3 221.7 
5/28/2005 1.8 223.4 5/2412005 
6/4/2005 32 226.6 
6/ll/2005 0.0 226.6 
6/18/2005 0.3 226.9 
6/25/2005 0.0 226.9 6/24/2005 
7/2/2005 0.5 227.4 
7/9/2005 0.8 228.3 
7/16/2005 0.0 228.3 
7/23/2005 0.0 228.3 7/2112005 
7/30/2005· 0.0 228.3 
8/6/2005 0.6 228.9 
8/13/2005 0.0 228.9 
8/20/2005 0.2 229.1 
8/27/2005 0.0 229.1 8/24/2005 
9/3/2005 2.9 232.0 
9/10/2005 0.0 232.0 
9/17/2005 4.4 236.3 
9/24/2005 0.1 236.4 9/24/2005 
10/112005 1.9 238.3 
10/8/2005 0.4 238.6 
10/15/2005 3.9 242.6 
10/22/2005 2.8 245.4 10/22/2005 
10/29/2005 2.3 247.6 
11/5/2005 0.4 248.1 
ll/1212005 1.2 249.3 
ll/19/2005 0.3 249.6 11119/2005 
11126/2005 2.5 252.0 
1213/2005 1.9 254.0 
12110/2005 1.0 255.0 
12/17/2005 0.7 255.7 12/17/2005 
12124/2005 0.0 255.7 
12/31/2005 0.7 256.4 
In/2006 1.8 258.2 
1/14/2006 2.2 260.4 
1/2112006 1.1 261.5 111912006 
1/28/2006 1.2 262.6 
2/4/2006 1.7 264.3 
2/1112006 0.4 264.7 
2/18/2006 0.2 264.9 
2/25/2006 0.5 265.4 2119/2006 
3/4/2006 0.0 265.4 
3/ll/2006 0.1 265.5 3/11/2006 
3/18/2006 0.0 265.5 
3/25/2006 0.0 265.5 
41112006 0.0 265.5 
4/8/2006 12 266.8 4/8/2006 
4/15/2006 0.1 266.8 
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